




TS \5~l5

M3'fc

3





TECHNOLOGICAL HANDBOOKS.

COTTON WEAVING.



GEORGE BELL & SONS

LONDON : YORK STREET, COVENT GARDEN

AND NEW YORK : 66, FIFTH AVENUE-

CAMBRIDGE : DEIGHTON, BELL AND CO.



TECHNOLOGICAL HANDBOOKS.

COTTON WEAVING

ITS DEVELOPMENT, PRINCIPLES,

AND PRACTICE.

•"NY3 CoBY V~'

RICHARD MARSDEN, Mem. Soc. Arts,

HONORARY EXAMINER TO THE CITY AND GUILDS OF LONDON

INSTITUTE.

AUTHOR OF "COTTON SPINNING: ITS DEVELOPMENT,

PRINCIPLES, AND PRACTICE," ETC.

EDITOR OF "THE TEXTILE MERCURY."

BOSTON COLLEGE LIBRARY
CHESTNUT HILL, MASS.

LONDON: GEOEGE BELL & SONS,

MANCHESTER: MARSDEN & CO., Limited.

1895.



CIITSWICK PRESS:— CHARLES WHITTINGHAM AND CO.

TOOKS COURT, CHANCERY LANE, LONDON.



PREFACE.

THE following work, which is complementary to the

writer's former treatise upon " Cotton Spinning,"

was designed at the same time, and originally intended to

appear at a comparatively short interval thereafter. Events

occurred, however, which compelled the author to lay

down the task. When resumed it had to be performed

simultaneously with the heavy work of conducting a weekly

trade journal, " The Textile Mercury." Had the writer

not felt in honour bound to the publishers to complete it, it

would probably have been abandoned in the face of more
important demands. The task is now, however, finished,

and he would take this opportunity of acknowledging the

great patience and kindness of Messrs. Bell and Sons in

wTaiting, and that without pressure, until circumstances

permitted it to be resumed and carried to a conclusion.

The work is sent forth by the writer in the hope and trust

that it will contribute to increase the interest of those

whose lives, capital, and energies are practically invested in

the cotton trade; and whose welfare, and that of generations

of their descendants to follow, are inseparably bound up
in the conservation of its interests and the promotion of

its prosperity. And beyond this class there is another he

would desire to affect, namely, those who care something
for the great interests of the State. If any one choose to ex-

amine the industrial development of the country, thoroughly,

and without bias or prejudice, it will be found that its
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eminence in almost everything that makes a nation great,

originated in and is maintained by its mechanical industries.

And of these the cotton trade was the first, thus becoming

the foundation stone of its eminence. There is one lesson

that should and will be drawn if the history of the cotton

trade be read wisely : it is, that the trade does not belong

to the merchants, capitalists, and workpeople of the present

generation, but that it is a great national property in

which they possess only a life interest. This they are

bound by every sentiment of affection for their children

and love for their country to pass on to succeeding genera-

tions, not only unimpaired, but increased in value. To
neglect this duty will be to deprive millions of English

people in the future of the means of livelihood, and the

nation of one of its most important resources. This would
be politically criminal and would do much to depose

the country from its eminence in the community of nations.

There is also a further duty incumbent upon those whose
chief interests are connected with this trade. This is to

protect it from external aggression, especially that of ignor-

ant legislators, whose capacities for mischief have been so

extensively manifested in the Parliament just dissolved.

]N"o more important duty can engage attention than that of

the critical examination of the legislative projects affecting

it brought forward in the House of Commons, and to give

strenuous resistance to every one that will act adversely

to its well-being.

The present work is an exposition of the development,

principles, and practice of the weaving division of the

trade, as the former volume was of the spinning division.

In its execution the writer has adhered to the plan of the

former work, which has received the emphatic approval of

all readers interested in the subject. If there be any dif-

ference it will be found in the fuller and more careful

exposition of the origin and development of the subsidiary

processes, and of the invention and improvement of the series

of machines employed in this section of the trade. An effort
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lias been made to clearly define the art of weaving, to trace

its development from the primitive germ through all the

succeeding stages of its growth to its present wonderful

perfection. In the course of the narrative care has been

1aken to show when and why it has developed tendencies

to divide and subdivide, throwing those branches off as

separate processes that have become known by other

names, though they still are and must ever remain adjuncts

of the original parent of the whole, namely, the weaving

process. By a careful perusal of what has been written the

reader will be able to understand the causes and require-

ments in which originated not only every part of the loom
but of those of almost all the machines employed in the pre-

paratory processes. With this knowledge the intelligent

technical reader will easily decide, when further changes or

innovations are proposed, whether they are in harmony or

conflict with the leading principles embodied in what has

already been accomplished, and whether their adoption will

prove advantageous or otherwise. All changes are not im-

provements, and the money spent upon those that are value-

less will be simply so much wasted ; and the condition of

the trade is not such as to admit of waste.

Weaving, of course, is one of the most ancient arts, and
cotton weaving in India at least can reckon its history by
centuries. In England it is, however, one of the most
modern industries, and the development of the English

system of manufacturing constitutes one of the most re-

markable series ofphenomena to be found in human history

;

and the benefits that have resulted directly and indirectly

have seldom if ever been equalled from a single cause.

For more than half a century these advantages were almost

monopolized by this country, but during the half century
which will come to a close in a few years they have been
appropriated to a more or less extent by almost every other

nation. England can only therefore expect to continue to

receive a large share of its benefits by keeping well in

front with its inventions and improvements, and for this
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she must depend not only upon her present inventors,

bnt upon a further development of the inventive faculty.

That this may to some extent be stimulated by the present

work is one of the desires of its author.

Richard Maesden.

Manchester,

August, 1895.
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COTTON MANUFACTURING.

CHAPTER I.

Inteoductoey.

The division of the cotton trade into two branches, spinning and

manufacturing.—India, its birthplace.—Indian processes; the In-

stitutes of Menu.—Indian competition with the English textile

industries the origin of the English cotton trade.—Early ten-

dency of the English trade to divide into two sections.—Tempo-

rary tendency to reunite.—Reaction and probable permanency of

the division.

THE contents of the introductory chapter of the author's

previous work on " Cotton Spinning : its develop-

ment, principles, and practice," obviates the necessity of

any lengthened remarks on the present occasion: But in

order to enable the student to thoroughly comprehend
the subject and the reasons for the ultimate division

of the great cotton trade into two sections, a brief

review of its development, considered from a somewhat
different point of view, will be not only permissible, but

necessary.

As observed in the work referred to above, the best

historical evidence obtainable points to India as the birth-

place of cotton manufacturing ; but when it commenced,
how long it remained a pure handicraft, or at what date

the first rude mechanical appliances were introduced, are

details of its history irrecoverably lost in the mists that

have gathered around those long-past times. As far back
B
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as ancient records lay bare the history of India, the manu-
facture of the downy product of the cotton plant is shown
to have been generally diffused over that country, employ-

ing more or less fully nearly half the population. To
quote from the chapter referred to in my previous work

:

" Cotton was grown in the districts closely adjacent to

nearly every village; cleaned, spun, and woven on the

spot ; each little community producing enough for its own
consumption. A rudely constructed roller gin separated

the seed from the fibre, and the latter was cleansed from

the leaf, dirt, and knots by the bow. The cotton, as left

by this instrument in a light fleecy mass, was then taken

and, with little further preparation, spun by the women."
It will be safe to infer that for a long period the

only instrument employed was the rude spindle, and

mostly without the distaff, the worker drawing the cotton

from loose, fleecy balls, into which it had been formed.

Down to recent times, this system of hand spinning has

existed side by side with that of the rude wheel still em-
ployed for the purpose. The industry being a purely

domestic one, was conducted through all its processes and

details by the members of one family in their dwellings,

or adjacent thereto in the open air. The portions of the

processes analogous to those of our present manufacturing

system are what mainly concern us and require notice

here.

The Indian weaver receives his yarn from the native

spinner, as well as from the Indian and European mills,

in the bundled form, or in knots or hanks. In this form

it is taken and transferred to a pyramidal reel, and thence

wound upon short pieces of reed for use in the next pro-

cess, that of forming the warp. This is done on the plan

called peg-warping, not many years extinct even in this

country, which will be described in the proper place subse-

quently. The warp was sized in the most primitive

fashion by means of rice water, and it is a curious fact

that even in the earliest times malpractices in sizing were
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not unknown. The Institutes of Menu, compiled a thou-

sand years before the Christian era, condemn heavy sizing,

and declare that a proper allowance shall be made for the

added weight, even when sized only for weaving. In

Chap. VIII. v. 30, there is the following passage regarding

the practice of sizing :
" Let a weaver who has received

ten palas of cotton thread give them back increased to

eleven by the rice water and the like used in weaving.

He who does otherwise shall pay a fine of twelve panas."

This ancient legislator clearly entertained the idea that

sizing should be confined to the legitimate use of render-

ing the wrarp more easily workable, and that all beyond

should be prohibited. It is questionable, however, whether

much more regard was paid to this injunction than is

to-day given to moral principles in relation to the same
matter.

India from the earliest times exported its cotton manu-
factures to the countries of Western Asia, whence they

were distributed to those of Europe lying along the basin

of the Mediterranean, and sometimes to the lands beyond
these, though this was but rarely. It was not until after

the discovery of the Cape route to the East that the real

influence of the manufactures of India upon the Western
countries of Europe began to make itself felt. The com-
paratively low prices at which they now came to be

attainable, and their great beauty, caused them to become
highly esteemed amongst the aristocracy and the wealthy
classes of this country, to the great neglect of the coarse

fabrics of home production composed of wool and linen.

During the closing years of the seventeenth century, and
the opening ones of the eighteenth, the outcry raised

against the use of the Indian fabrics led to the passage of

several Acts of Parliament having for their object the

protection of the native industry. In spite of these, how-
ever, Indian goods continued to be worn, and no real or

permanent impression was made in the restriction of their

use until the weavers of England began to imitate them,
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which was done in fabrics composed of a linen warp and
cotton weft, the English spinners, with their appliances

and previous training, being incapable of making a warp
yarn from cotton. These productions for a time satisfied

the growing popular demand for light fabrics. The true

Indian cloths, however, continued to be extensively worn
by the upper and wealthier classes.

At this period the earliest symptoms of a separation of

the cotton trade into the two branches of spinning and
manufacturing began to appear. The invention of Kay's

method of throwing the shuttle, called the picking stick

and fly shuttle, in 1733—not 1738, as so often given by
writers on this subject—had so increased the capacity of

the weaver that the members of his own household were

rarely sufficient to provide him with the yarn necessary to

keep him at work. The demand for yarns became so

strong, that in households where no weaving was carried

on the younger .members were taught to spin, and in a

short time, by their earnings, added very considerably to

the income of the family. The subsequent invention of

Hargreaves' spinning jenny accentuated and increased this

movement towards separation, as families whose occupa-

tion was mainly spinning, as well as those engaged in

weaving, procured the new machines. We thus discover

at this early stage the tendency of the industry to separate

into the two divisions into which the progress of invention

and the development of systematic industry has now
more fully led it. The invention of Arkwright's water

frame, a machine too heavy and complex to be easily

worked for any length of time by human strength, neces-

sitated the introduction of the factory system, and the use

of a motor of greater force, which was first found in horse,

and then in water power. Hargreaves had founded a mill

in Mill Street, near Chapel Bar, Nottingham, and furnished

it with his jennies, for which, however, the operative alone

supplied the power to work. In near proximity to this, in

Woolpack Lane, in the same town, Arkwright, and Sm alley,
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his Preston friend, established their first mill, the machines

in which they operated by horses. This mode did not

prove satisfactory, and their means becoming exhausted,

the assistance of capitalists was secured, and by their aid

the mill at Cromford, in Derbyshire, was founded, which
substantially became the model of many others established

by that enterprising inventor. It may interest the curious

to name a few of the mills with the establishment of which

Arkwright was connected. Besides those just mentioned,

Arkwright built Masson Mill, near Cromford, a mill in

Miller Street, Manchester, one at Adlington, near Chorley,

and, we believe, several in Scotland. His firm subsequently,

we understand, acquired Mellor Mill, Derbyshire, founded

by Samuel Oldknow, so picturesquely situated on the

Groyt, near Marple. The concentration of the spinning

industry in mills which thus took place by this develop-

ment of the factory system, was a very powerful factor in

effecting the separation of the industry into the two
branches of spinning and weaving, and the increased capa-

city of production liberated thousands of operatives for

absorption into the weaving branch, in which at that time

there was a great demand for workers. A rapid extension

of the trade took place, manufacturers purchasing yarn

from spinners and giving it out in the form of warp and

weft to weavers in the country districts, who returned it in

the form of cloth. Thus the separation of the industry into

two parts was enforced by the process of growth. The men
who thus " put out " yarns, as it was termed, for weaving,

were called at first manufacturers, and subsequently hand-

loom manufacturers, to distinguish them from the power-
loom manufacturers, who afterwards became their for-

midable competitors, and finally drove them from the

field. During the period from 1815 to 1830 there were
in Lancashire and the adjoining portions of York-
shire, Cheshire, and Derbyshire, between 240,000 and

260,000 hand-looms employed. After the latter date

there was a rapid decline in the numbers, the improve-
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merits effected in trie power-loom enabling it to supplant

them.

The course of this revolution in weaving seemed at one
time to promise a perfect reunion between the two sections

of the trade, as the spinners began to put down looms to

consume their own production of yarn, whilst, on the other

hand, the manufacturers, having acquired wealth, procured

spinning plant to supply themselves with yarn. Thus the

second series of mills that arose combined both branches of

the industry. The power-loom, at its first introduction,

and for forty years afterwards, was available only for the

production of plain cloth, chiefly known as domestics,

shirtings, and printing cloths, for which there was a steady

and growing demand. With extending trade and the in-

creasing capacity of the power-loom, the several districts

in which manufacturing was carried on began to develope

specialities in cotton goods that were hitherto unknown.
Stockport, in the early days of the present century pro-

bably the greatest weaving centre, made domestics and
printing cloths ; Preston devoted its energies to long

cloths, shirtings, and muslins for the home trade and for

India; Blackburn chiefly made long cloths and printing

cloths; and whilst Manchester and Radclifie mainly en-

gaged themselves with coloured goods, fustians, &c, Bury
and Rochdale adhered to the woollen trade, making flannels,

blankets, and goods of a like description. The remainder

of the Lancashire towns had scarcely emerged from the

character of villages, and the declining hand-loom trade

was chiefly carried on within them. This tendency to re-

combine continued until about 1850, when the adoption by

this country of a free-trade policy in commercial matters

gave such an impetus to the trade, that from the last-men-

tioned date until 1860 an enormous extension of the indus-

try took place. In East Lancashire weaving sheds arose

on every hand, and correspondingly, to supply them and

meet the expanding foreign demands for yarns, a large

number of spinning mills were erected in Oldham and the
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adjacent villages, which now rapidly began to assume the

dignity of towns. Thus the tendency to divide received a

new impetus. To build combined spinning and weaving
mills required a large amount of capital not often found in

one or two hands ; but weaving sheds could be erected for

a comparatively small sum. The joint stock system had
not then been applied in the cotton trade ; it was reserved

for the two following decades to witness the application

and development of this important principle in connection

with it.

Since 1850 the forces tending to divide the trade have

been continually in the ascendant, and it would now appear

as if they had given a permanent character to its division.

The widening of our commerce, and the demands made
upon our manufacturers for an increasing variety of fabrics,

in substance, quality, and style, almost preclude the possi-

bility of combined spinning and weaving establishments

meeting the requirements of the markets economically,

whilst upon any other basis the severity of competition

precludes business being carried on. Spinning mills must
be furnished with machinery fitted to produce either coarse,

medium, or fine counts of yarn : they cannot with advan-

tage and economy alternate from one to the other of these

descriptions ; and weaving sheds attached to them are by
that fact, to a certain extent, limited in their range of the

market, and deprived of utilizing a certain amount of their

capability to meet its wants. With very slight modifica-

tions of their plant they could, if free from a spinning

mill, change from coarse to medium counts of yarn, or

from medium to fine, and back again when circumstances

l-endered it desirable. But the weaving establishment

attached to a spinning mill is compelled to consider the

capability and requirements of the spinning section, and in

certain conditions of the market may have to decline orders

that its untrammelled neighbour can accept. In practical

work this occurs oftener than might at first sight seem
likely, and, in the course of years, appreciably adversely
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affects the prosperity of the concern. The conclusion is,

therefore, obvious and sound that the division of the cotton

trade into the two important branches of spinning and
manufacturing is assured and permanent. This being so,

it is assumed that the requirements of students will best be

met in the following treatise by recognising the fact, and
assuming that the practice proposed to be elucidated is

that which would be the best for, and the one adopted in,

a weaving establishment not connected with a spinning

mill.



EARLY WEAVING : DEVELOPMENT OF HAND-LOOM.

CHAPTER II.

Eakly Weaving and the Development of the

Hand-Loom.

Weaving an ancient art; definitions.—Its origination in man's

necessities.—Classic stories of its invention.—Modern research and
geographical discovery show its wide prevalence.—Conjectural

origin.—Ancient Egyptian weavers, their looms and materials.

—

Survival of the purely manual art.—Progress of invention.—Sup-

posed looms of the fourth century, A.D.—Stimulations to further

improvements ; successive advances.—The shuttle in its incipient

stages; its gradual development.—The lathe in its earliest and

some succeeding forms.—An equipoise between the several parts

of the loom ; also between spinning and weaving.—The horizontal

loom and its gradual improvement.—The Indian loom ; the pacing

motion.—The loom as Kay found it ; its survival in Wales to the

present time.—The Indian loom described; the Indian weaver

humidifies his warp.—Loom of Sumatra and Java.—Of Japan.

—

Of Salomon Islands.—Of New Caledonia.—Of Ashango Land.

—

Kay's invention of the fly shuttle.—Disturbs the balance between

spinning and weaving. — Robert Kay's invention of the drop

shuttle-box.

WEAVING is an ancient art that has engaged the

attention of both early and modern writers, as quite

befits its importance. The former, however, have gene-

rally confined their notices to incidental references, that

are more valuable from what they suggest regarding its

condition and details, than from what they actually reveal.

The latter have endeavoured to give an exposition of the

art more or less full, and their works have mostly ap-

peared within the second half of the last, and during the

eourse of the present century. The remarkable growth of
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literature relating to the weaving industry within this

period arises from the fact that its greatest developments,

and those which have called for scientific exposition, have
taken place within its limits.

As might be expected, the art of weaving has been
variously defined, and it will be interesting and instruc-

tive to the student to have the most important of these

definitions brought under his notice. The great lexico-

grapher, Dr. Johnson, with the care, correctness, and
ability that usually distinguished his work, thus ex-

plains it:—
" Weaving is an art by which threads of any substance

are crossed and interlaced, so as to be arranged into a

permanently expanded form, and thus to be adapted for

covering other bodies."

Consideration will shew that this definition will be

difficult to improve upon, and in proof thereof it may be

stated that James Yates, M. A., the learned author of the

article " Tela," in Smith's " Dictionary of Greek and
Roman Antiquities," adopts it in that article, and also in

his later work on the same subject, " Textrinum Antiquo-

rum." Unfortunately for the students of the textile arts,

the latter work is a fragment—only one volume having been

published—which treats of the raw materials, vegetable,

animal, and mineral, employed in the industry. Dr. Ure
in his " History of the Cotton Manufacture," with some
little pedantry elaborates and refines upon Johnson's

definition, though hardly to the edification of the ordinary

reader, as will be obvious from the following :

—

" Weaving is the art of making cloth by the rectan-

gular decussation of flexible fibres, of which the longitu-

dinal are called the warp, and the transverse the woof, or

weft."

In the above definition Dr. Ure appears to have imitated

Dr. Johnson's definition of lace, which is : "Anything
reticulated or decussated at equal distances, with inter-

stices between the intersections." John Murphy, author
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of the standard and justly celebrated treatise on " The
Art of Weaving," gives no specific definition, neither

does Clinton C. Grilroy in his well-known work bearing

the same title as the foregoing. The latter, it may be

remarked in passing, is distinguished by a remarkable and
realistic piece of satirical writing directed against the too

common practice indulged in by many people, of alleging

that nearly every modern invention connected with the

textile industries had been anticipated by the ancients,

and that therefore inventors of the present day were

entitled to little credit, and consequently to no protection

for their devices. This satire composes the introductory

chapter to the work, and extends to seventy pages. It

has often deceived people who have taken seriously the

statements contained in it as veritable history ; it is men-
tioned here in order that its true character may be

pointed out. White, a Scotch author, whose work on

"Weaving by Hand and Power" was published in 1846,

contents himself with a very simple definition, which is as

follows :
—" Plain weaving consists in the interlacing

together of two lines of threads at right angles to each

other." Watson, another Scotch writer, whose essay ap-

peared in 1866, gives a still more bald outline, defining

weaving as " the making of cloth from yarn or threads."

Only another example need be adduced, which shall be

from a recent work on "Weaving and Designing" by
Mr. T. R. Ashenhurst, late teacher of weaving in the Tech-

nical School, Bradford, Yorkshire, published in 1879:

—

" Weaving is the art of combining threads, yarns, fila-

ments, or stripes of different materials, so as to form a

cloth. This combination may take a variety of forms,

according as the intention is to produce plain or fancy

material."

The present writer may be permitted to give a

definition :

—

Weaving is the art of arranging, at right angles to

each other, two or more series of threads of any suitable
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material, and binding them together by passing each

thread under and over, and sometimes partially around

one another in regular alternation, or in such other order

as may be needed to produce the required effect, by which

arrangement they assume and retain an expanded form,

rendering the fabric adaptable to many uses.

The origin of weaving can only be conjectured ; it is

lost in the mists of past ages. History says nothing of

its beginning ; the earliest mention of the art showing it.

comparatively speaking, in an advanced stage of develop-

ment, and which, judging from its slow growth in subse-

quent times, could only have been attained through

centuries of almost imperceptible progression. Whether
it began in Assyria, Egypt, Persia, or India, cannot be

gathered, because when first referred to by ancient

writers it is inferentially clear from their statements that

it was known in all those countries. In lieu of positive

knowledge, therefore, we must fall back upon tradition,

and when this slender staff fails to give support, we must
retire upon the safer deductions of reason, and see if we
can glean therefrom a shadowy reflection of the facts.

" Necessity," says an old adage, " is the mother of inven-

tion," and the art of weaving, like most other arts, owes

its origin to the pressing needs of mankind. Of all

animals man is the only one for whom it may be said

nature has been at no trouble to provide clothing. It is

true that in a very primitive state, and in the warmest
latitudes, he runs naked, and feels no necessity for any

addition to the scant provisions of nature. But imme-
diately he steps over the boundaries of these districts the

lowering temperature develops a desire for clothing. The
conclusions of modern science concur with Biblical and

other ancient writers, that in the primeval ages men killed

the beasts of the field for food, and clothed themselves

with their skins. These would differ considerably in

suitability for this purpose, though experience would soon

teach them to select the best. But the best clothing that
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could be fabricated from these materials in the then state

of knowledge of their treatment, would leave much to be

desired in the way of comfort. Hence would result the

development of man's inventive faculties. As observed

above, however, of the outcome of this as applied to the

art of making clothing, we have no positive information.

The book of Job is one of the most ancient pieces of

writing in the possession of modern times, and every child

is acquainted with the beautiful simile it contains drawn
from the textile art, in which the patriarch, desirous of

expressing the rapidity with which time was passing, ex-

claims :
" My days are swifter than a weaver's shuttle."

Of course the shuttle referred to was not the shuttle of

to-day, but notwithstanding this, the simile incidentally

reveals that the progress attained in the writer's time in

this art had been considerable. None of the sacred

writers speak of the invention of the art. Wherever a

reference to it is made, it is indicative of its being in an

advanced stage of development.

The classic writers throw a little more light upon the

origin of the art of weaving than do Biblical ones.

Amongst the nations of antiquity are several on whose
behalf claims have been put forward to the invention.

Pliny informs us that " the Egyptians put a shuttle into

the bands of Isis, to signify that she was the inventress

of weaving." But though. I am strongly disposed to

think that weaving may have originated on the banks of

the Mle, the fact that a shuttle was placed in the hands

of this goddess may have indicated more that she was a

patroness of those who pursued the art, than of any claim

to the invention. Semiramis, the celebrated queen of

Assyria, has also been brought forward as a claimant for

this honour, but so far as can be ascertained, with no
better evidence than that advanced in favour of the femi-

nine deity of Egypt. The habit of deifying or semi-deifying

their most celebrated rulers, prevalent amongst ancient

nations, led to the attribution to them of the origin of
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every useful art. This will sufficiently account for the

existence of claimants to the invention of weaving amongst

nearly all the peoples of the ancient world. This fact

strongly indicates that all clue to the origin had even in

those early times been lost.

Modern research has shown that the art of weaving
was widely prevalent amongst the most celebrated nations

of antiquity, and was by them carried to a high degree of

perfection, probably as high indeed as manual skill was
capable of reaching. The phases of civilization developed

in ancient Egypt, Assyria, Phoenicia, Greece, and Rome
have all passed away with the peoples who originated

them, but their remains still exercise a great influence

upon the civilization of modern times, especially on its

artistic side, which is the most visible. It will be doing

the latter no injustice, nor depriving them of any credit, if it

be affirmed also that the origin of many of the most useful

arts, amongst which weaving takes a foremost place, must
be sought for in the same source, though the course of

descent may not always appear on the surface.

Geographical discoveries during the past three or four

centuries, amongst the other wonders that they have re-

vealed, have shown that the art of weaving has long

existed and been carried to the highest perfection amongst
the nations of the far East, whose existence was practi-

cally unknown and undreamt of until after the discovery

of the mariner's compass. The natives of India, China,

Japan, Borneo, and the subjacent countries, were all found

to be possessed of this useful art, and, with modifications,

to have carried it to a high degree of advancement. In

the most recent times the opening up of Africa (" the

Dark Continent") has shown the art in a very primitive

stage of development amongst its rudest tribes. Crossing

the Atlantic to the new world, when the white man first

landed upon its shores he found that the various tribes of

the natives were experts in manual weaving. It has also

since been discovered that it was a well-known art
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amongst the ancient races of Mexico, peoples who were

unknown even by tradition to those whom. Europeans

found occupying the country, and whose existence is only

attested by the wonderful remains they have left behind

them, which demonstrate their possession of a peculiar

yet highly-developed civilization. Passing from the main-

land of the American continent to the isles of the Pacific,

Captain Cook and his successors, in the explorations of

these seas, found the natives of the various groups of

islands that they discovered quite adepts in the produc-

tion of simple woven fabrics from the fibrous materials

indigenous to their respective countries. And thus it is

all round the globe—wherever explorers have gone, they

have found amongst every race and nation this useful art

in either a primitive, middle, or advanced stage of

growth.

It will be seen from the preceding that neither historical

research, antiquarian investigation, nor geographical ex-

plorations have revealed the origin of the art, the date

of its invention, or the name of the first weaver. It

takes little intellectual effort to resolve into myths the

claims brought to light by the former in favour of certain

shadowy individuals of the past. In lieu then of positive

knowledge a guess may be hazarded. How came man-
kind to conceive the idea of weaving ? The answer is

clear. It must have been to obviate some inconve-

nience, or secure some advantage. What could this have

been ? Perhaps a little consideration may reveal the

possible, if not the probable, genesis of the idea. The
apron of fig-leaves may be dismissed, as also may the

thought of any other article of attire. For dress pur-

poses the skins of animals, both wild and domesticated,

for many ages would amply suffice for the requirements

of the human family in this respect, so that no stimu-

lating inconvenience would be encountered here. Skins

would also serve for the construction of tents when
mankind besran to think it desirable to seek shelter
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from the heat or inclemency of the weather. Up to

that time the natural grasses of the earth had no doubt

formed a satisfactory couch on which man could lie down
to repose in the heat of the day, or after its labours were
over. But when he resorted to tents, which may be sup-

posed to have been made of skins, the grateful floor cover-

ing which nature had provided would soon be worn away.

The bare earth would not prove agreeable, and it would
soon be discovered that it would often be easier to provide

a substitute for nature's carpet than to pull down the

tent and remove to another plot. The most convenient

ones would be resorted to, and thus, in some instances,

skins, leaves, grasses, or reeds would be procured as use-

ful substitutes for the growing herbage. These were
most probably the first artificial carpets, and it is in con-

nection with the development of this emblem of modern
civilization, in the opinion of the writer, that weaving

would originate.

Conceding, and indeed affirming, that the balance of

probabilities points to Egypt as the country in which
weaving was first invented, it may be pointed out that in

all past times, as at present, the population of that country

has mainly been concentrated upon the lands bordering

upon the great river Nile, the old and celebrated stream

which a few years ago engaged so much of the attention

of Englishmen, and where events of great importance

transpired. From the days of the Pharaohs down to the

present time the swamps of the Nile have been noted for

the abundance of vegetation they produce, and which has

been applied to various uses : witness, for instance, the

ark of bulrushes in which, in the days of the sojourn of

the Israelites in Egypt, it is recorded the infant Moses
was placed. What more natural than that the flags from

the river should be used for floor coverings ? These would

be strewn about the floors of the tents and dwellings of the

people, as rushes were in this country only two or three

centuries ago. It would not be long before Egyptian
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mistresses and Ethiopian maidens would devise means of

utilizing them for decorative purposes ; especially as when
by so doing their durability would be enhanced, and the

comfort obtained from their use increased. Indiscrimi-

nately thrown upon the floor they would be trampled up,

to avoid which the first plan adopted would probably be to

place them longitudinally side by side. In this we get

the first step in the art of weaving : a parallel arrange-

ment of reeds or flags. The next, the introduction of

transverse ones, would speedily follow, as an ornamental

effect would be obtained by laying others across those first

placed in parallel order. The second step is thus arrived

at : longitudinally and transversely arranged flags ; but

still no weaving has taken place. As now supposed to be

laid, they would be liable to derangement every time a

person moved across the floor, which would destroy the

ornamental effect. To prevent this it may be assumed
that various expedients would be resorted to before it

dawned upon anyone's mind that the transverse flags

should be made to pass alternately under and over those

laid in a longitudinal direction in order to secure a com-
paratively permanent arrangement to the mass, and such

as had never been obtained before. Increased utility com-
bined with a beautiful effect would be the outcome of this

disposition of the materials, and it could not fail to strike

observers very forcibly. Such would possibly, even pro-

bably, be the first woven fabric, and its conspicuous ad-

vantages would speedily secure extensive imitation and
general adoption. This conjecture, it may be observed, is

based on a substratum of fact.

The first webs fabricated in the manner thus sup-

posed would only be of the size that could be made from

single flags ; when large ones were wanted the longest

flags would be selected to produce them. Still, the desire

for some of larger dimensions which would arise would
remain ungratified until the difficulty in the way was
overcome by the discovery of some means of attaching one

C
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length to another, which to a certain extent would solve

the problem. Before the last-mentioned stage of develop-

ment the operation would be purely manual, and would
need only one individual to perform it. But the increase

in dimensions would necessitate the introduction of imple-

ments, crude and simple at first, but containing the germs
of the wonderfully perfect and complex mechanism of the

loom of modern times. The first would most likely be a

piece of wood that the worker would lay across his longi-

tudinal reeds to maintain them in position, whilst he lifted

and depressed them alternately in putting in the woof, or

those that had to occupy a transverse position, which he
would push up to the one previously inserted. Here is

the beginning of what has now become the cloth beam.
His next advance would probably be to place a second

beam of similar dimensions and character at the opposite

extremity of his loose warp, which would thus be extended

and held at both extremities. This would further facili-

tate his work, as, instead of having to handle all his warp-
threads, as they may be called, he would only have to

contend with the woof he was inserting transversely, which
he would rapidly pass under and over the longitudinal

flags thus held down at each extremity.

Amongst the picture writings of Egypt's ruined palaces

and temples representations of the ancient methods of

pursuing the art of weaving might naturally be expected

to be found, and this anticipation has been justified by the

discoveries that have been made. Sir Gardner Wilkinson,

in his "Manners and Customs of the Ancient Egyptians,"

has reproduced three drawings from pictures on the walls

of Thebes, showing several weavers at work, and illustra-

ting three forms of the loom ; or, more correctly speaking,

a purely manual process, a rudimentary vertical loom, and

a more advanced form of the latter loom. These illustra-

tions are from the tombs of Beni Hassan, which have

been fixed by the best authorities to belong to a period

3,000 years before the present era. These representations
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were found by Menutoli, and need little description. The

framework, if such it can be called, of the first, fig. 1,

consists of two transverse bars, which are attached to the

pegs secured in the ground. Between these bars the warp

is extended, and the weaver sits upon that part of the web

already finished, and interweaves his materials without the

assistance of anything in the nature of a shuttle. In

the original the fabric is shown to be a small, delicately

chequered pattern of yellow and green, and from the

materials spread around it is inferred that the yarn was

dyed in the wool before it was placed in the hands of the

Fig. 1.—Ancient Egyptian Weaver,

weaver. This illustration, if not intended to represent the

method of mat-weaving from broad-leaved plants, is evi-

dently very closely derived therefrom, and is so perfectly

manual as hardly to show more than the slightest advance

upon the stage depicted in the preceding conjecture. The
other illustrations exhibit a further development of the

loom, and will come under notice presently. The ideal

presentation, given in the preceding observations, sup-

ported as it is by this Egyptian picture, is offered to the

consideration of the reader as affording an approximately

correct notion of the genesis of the art of weaving : the

earliest stage of an industry that has for untold centuries
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contributed in a very high degree to the comfort and
welfare of mankind.

In fig. 1 we have got the loom in its most primitive

form. It is a beautiful illustration, and is interesting be-

cause of the support it affords to the most reasonable con-

jectures that have been formed by students of the natural

evolution of the loom from the simple beginnings endea-

voured to be pourtrayed here. The weaver sits or crouches

upon the part of the web already woven, and as no ap-

pliances for shedding are visible, no other inference can

be drawn but that the fabric is formed by passing by hand
the transverse material alternately under and over the

longitudinal threads forming the warp. From the manner
in which this material is represented as extending beyond
the edges of the warp, it would seem that there was no
selvage to fabrics constructed by this method, which would
again support the conjecture that the materials were simply

flags from the shallows of the river. But if not the same,

it requires no stretch of the imagination to conclude that

it has been drawn from that source. It may be remarked

in passing that the pattern is exactly the one that would
result from the interweaving of the leaves of this plant.

It is remarkable that flag leaves are still used in Egypt
and other lands of Northern Africa for making fabrics of

the kind described, which are used for packing the coarser

sorts of figs and dates for export to England and other

European countries, where they may be seen in our principal

markets.

The purely manual form of weaving survives to this

day in the art of basket-making, in which it has been

carried to a high degree of perfection, especially by the

Japanese, fine and beautiful specimens of whose skill may
frequently be found in this country. In another, and its

very simplest form, it may also be discovered in working

men's households, where the careful housewife, in the

process of darning hosiery, first extends a number of

threads lengthwise of the hole in the stocking, attaching



EARLY WEAVING : DEVELOPMENT OF HAND-LOOM. 21

them to the body of the fabric. These form her diminu-

tive warp. She next proceeds to insert the weft or trans-

verse threads, passing them alternately under and over

those of the warp which is extended between her fingers.

The needle in this operation performs the function of the

shuttle, to the ancient form of which it bears a strong

resemblance. It is to be feared that this is a domestic

accomplishment of diminishing prevalence. On the Con-
tinent, and especially in Germany, young girls are taught

the art of darning at school, and become so expert that

Fig. 2.—Vertical Egyptian Loom with Two Weavers.

they often repair the finest woven fabrics with such skill

that the place can hardly be discovered. In most of the

textile industries, and particularly in cases where the

fabric is valuable, repairs of damages are also effected in

this manner.

The reason of the next move in advance being made will

be obvious. As will be observed from fig. 1, the weaver
sits or crouches upon the portion of the fabric already

made, and works towards the end of the extended warp in

front of him. This constrained attitude must have been
exceedingly irksome, and it need not be surprising that
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the next step should be one that would raise the warp from
the ground. Accordingly we find in the construction of

the loom as shown in fig. 2, which, is derived from the

same source as fig. 1, a resort to the vertical arrangement
of the warp. Hence comes the high loom retained to this

day in tapestry weaving. It really involved little change
beyond raising the beam to which the warp is fastened, as

seen in fig. 1, and suspending it probably from the roof of

the dwelling. This illustration shows one or two points

that call for remark. There are two operators who evi-

dently pass the weft or the filling through the warp to

one another, the one on the left commencing the operation;

the second receiving it, bending and returning it. It will

be observed that the filling projects on the left-hand side

beyond the edge of the cloth, which indicates that what-

ever may be the material, in its length it did not suffice to

pass more than twice across the warp, thus making one raw
edge and one self edge. This is an advance upon the

results shown as obtained in fig. 1, where both edges are

raw. It may be assumed that two weavers work together

as in this instance for the sake of the facility and increased

production obtained. In other cases, as in fig. 3, also

that of a vertical loom and probably in contemporaneous

use with the preceding one, there is only one weaver, who
is shown sitting to work. These three figures, all from

the tombs of Beni Hassan, sufficiently illustrate the art of

weaving as practised amongst the ancient Egyptians.

Whether much progress was made by them from this

point is not known. If their fine linens such as are found

to-day wrapping the mummies were made upon and by

these crude means, they afford the most convincing testi-

mony of their great skill.

It is probable, however, that the loom in these forms

existed a long time in Egypt, as no evidence exists that

we are aware of showing any important advance upon

them in this country. In these forms they were probably

carried first to Greece, and thence to Italy, as it is in
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those countries we next find the earliest evidence regard-
ing the loom. Montfaucon, a French monk and a

voluminous writer of the early part of last century, in

his great work, " L'Antiquite Expliquee," says, " It

seems, from figures which remain to us of the fourth or

fifth century, that they worked at their art with much
simplicity. We have some women who are spinning,

with others who are weaving ; those who make the linen

or the cloth of wool are standing. In the ancient Yirgil,

Fig. 3.—Single Egyptian Weaver at Vertical Loom.

in the Vatican, which is believed to be of the fourth

century, and which formerly belonged to our Monastery

of St. Denis, in France, which I have shown in my journal

on Italy, we see a woman who works at a piece of linen

or stuff, and this woman, who is standing, instead of a

shuttle makes use of a long staff (fig. 4). I leave those

expert in this art to reason on this manner of working in

linen or in cloth of wool." This is simply the vertical

loom of the ancient Egyptians that we have already seen.

It appears to have been first transferred to Greece, and
afterwards to Rome without having undergone much
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change in its migrations. Very likely the rod was used
as both shuttle and batten or lay, but owing to imperfect
delineation it has been shown without the hook at the end
which was used in drawing the weft through the warp.
The old Benedictine Montfaucon with all his wondrous
store of knowledge quite failed to observe that the Koman

Fig. 4.— Grecian Vertical Loom.

and Egyptian looms were practically identical. In using

this illustration Dr. TJre, in his " Cotton Manufacture of

Great Britain," erroneously terms it a warping frame. But
there were disadvantages in the vertical arrangement of

the warp that undoubtedly would in some instances cause

a reversion to the horizontal position whilst an endeavour
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would be made to obviate its defects. This would be

accomplished by raising the warp from the position shown
in fig. 1 to the height of about three feet, at which the

weaver could work in a sitting position. To secure this

the short pegs would be lengthened until they might fairly

be called posts. The strain of the warp, however, in this

position, would have a tendency to pull them together,

which would be obviated by placing parallel bars between

them, first one on each side, then two, and next transverse

bars between the beams at each extremity of the warp.

With the change indicated a new difficulty would arise.

With a fabric of ordinary width, and working from the

front as before, with the warp in this position, the weaver
could not, if he endeavoured to insert his weft from the

side, reach across. Here, probably, may be discovered

the origin of two weavers working at one loom, a plan

which, under modified forms, survived, even in this

country and upon the continent of Europe, until far

past the middle of the last century, and which may
continue even to this day in secluded districts of the un-

progressive countries of the continent and the stationary

lands of Asia. This, however, would be an inconvenient

arrangement. Many a time two weavers would not be

available for one loom, and the other would of necessity be

rendered idle until the time his fellow should arrive, when
some one more ingenious than the rest would endeavour to

overcome his constrained idleness by the invention of a

mechanical substitute for his or her absent colleague.

What more natural than that he should lengthen his arm,

or power of reaching across the warp, by means of a stick ?

It would have been amusing, even in those days, to see

the look of astonishment that would rise on the face of an

idle weaver when he returned to work to find that his

more industrious and ingenious colleague had been able to

dispense with his services, and had finished his task ; in

fact, it would foreshadow many dramatic pictures of a like

kind that occurred in subsequent ages. The stick thus
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supposed to have been introduced, however, had no hand

at its extremity, whereby to hold the thread it had to

carry across the warp. The displayed fingers of the hand

would speedily suggest a means of overcoming this diffi-

culty by cutting a cleft in the end, which would meet the

requirement, whilst subsequently the bent finger would
suggest a further improvement in the addition of the hook,

which we have already seen was used by the Egyptians.

These advances, slight though they may appear, would
constitute substantial improvements. This stick, or rod,

specially prepared, whilst possessing the functions of the

shuttle, was also used as the batten or lay to press the

inserted threads successively to the fell of the cloth or edge

of the portion previously woven. These improvements, of

course, would not be effected in a day: most probably a

considerable number of years passed away before they were
all accomplished.

It will be obvious that the process of inserting the weft,

pushing the rod carrying it alternately under and over the

warp threads, exactly as a woman does her needle in the

process of darning, was an exceedingly tedious one ; and

as long as it was followed the labour of the most industrious

worker could not be very productive. The want, there-

fore, most pressingly felt, would be of a more expeditious

way of inserting the weft. A brief study of the move-
ments would show that each warp thread was alternately

elevated and depressed when the warp was horizontal, and

drawn towards or pushed away in its vertical arrangement

to allow the weft thread to pass under and over in proper

sequence, and that the adjoining thread was depressed

when the first was elevated, and elevated when the first

was depressed. It would thus become clear that an ar-

rangement by which every alternate thread at one time

could first be raised and then be depressed would yield

what was wanted, and greatly facilitate the work. Here
comes into view the requirement for, and the initial form

of, shedding mechanism. How, and by what means, would
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it probably be performed ? It could only be by some
means analogous to a leaf of heddles. Most likely the first

attempts at shedding would be by the construction of a

leaf of this kind, one of which, in the first instance, would
suffice. By its means the threads could be lifted easily, so

as to allow of the insertion of the first thread of weft, but

more difficulty would be met with in depressing these

threads below the level of the unmounted series in order

to form a second shed for the next pick of weft. It is

just possible that this difficulty may have been the cause of

the invention of the vertical loom, in which the heald leaf

could be pulled with ease in a horizontal direction on both

sides of the warp, whilst the weft could be inserted with

equal, if not greater, facility. In the method of working
with one series of threads thus mounted, it would be

found that they alone would yield to the strain, and bear

the wear and tear of the reciprocal action of the shedding

process, whilst the unmounted series would show an un-

desirable degree of slackness. But why not obviate the

objection and, at the same time, increase the facility of

working by mounting the second series of threads in a

separate leaf of heddles, and pulling each leaf an equal

distance in opposite directions, by which action the strain

would be equalized upon both parts of the warp, and a

shed be formed in half the time required with the single

leaf? This, when thought of, would be speedily done,

and would be found a considerable improvement in both

the horizontal and vertical loom, though its advantages

would be most strongly manifest in the former. This is

what appears to have been done subsequently in Greece

or Rome, as is shown in our second illustration from

Montfaucon, if we may venture to try to interpret the

crude drawings which he transferred to his pages from

those of John Justin Ciampini, an Italian writer who died

in 1698. Continuing from our last extract Montfaucon

says :
" Another manuscript of the King's Library, which

is a commentary upon the Book of Job, shows us a



28 COTTON WEAVING.

weaver who works at a stuff (fig. 5). The latter is also

working standing. Although this manuscript is of the

Fig. 5.—Greek Double Loom.

tenth century, the figures in it are drawn from MSS.
more ancient: for, as it said in an ancient Commentary,
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the oldest specimens of Job had these images depicted,

which had been transmitted to the subsequent copies."

Such are Montfaucon's observations upon the illustrations

in his work of these two looms. Our figure is taken from

the pages of Dr. Lire's " Cotton Manufacture," and whilst,

generally speaking, it is a good one it has one or two
defects. The first is that the figure of the weaver in

Montfaucon's work is shown with the left foot upon the

treadle just as if about to commence shedding the warp.

This brings up the operation much more clearly than as

given in this drawing. In the second case, the objects

shown as dark balls are really grooved pulleys over which

cords pass which are attached to the horizontal heddles.

Thus the loom, which appears to be a double one at which
two weavers could work at the same time, had its warps

shedded by a treadling process assisted by balance or com-
pensation weights that when the weaver removed her foot

from the treadle carried the warp back to its proper posi-

tion. This of course shows a great advance upon our

previous illustrations as it brings the feet into action as

well as the hands. It must have greatly increased the

weaver's capacity of production.

The increasing facility of production arising from the

successive improvements here conjecturally outlined would
beget a demand for larger fabrics in both lengths and

widths than had hitherto been made, or than could be

produced in the then existing loom without further

modification. Contemporaneous discoveries of, and im-

provements in, the art of preparing textile fibres, would
enable the weaver, when he had supplied himself with

the necessary modifications in his loom, to gratify this

demand.
The development of the loom frame has already been

traced up to a point where it may be regarded as being as

large as the requirements of the time and conveniences

might be supposed to need it. The domestic establish-

ments of the ancients were not particularly noted for being
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very spacious, and therefore an enlargement of the frame
of the loom, or its extension by any additional projection,

would be quite out of the question. One of the bars to

which the warp was affixed would therefore be converted

into a roller beam and the extra length of warp be wound
upon it. This was a simple expedient, but it will be clear

that it practically enlarges the narrow limits to the length

of a fabric that had existed up to this time very largely in-

deed. If the warp was thus wound upon a roller at one

end of the loom, why should not the woven fabric be

wound upon one at the other side, and thus remove an-

other inconvenience ? This would be a necessity to get it

out of the way of the weaver. Here, then, we have got the

warp beam and the cloth beam. In countries where the

operation of weaving was carried on out of doors, such as

in India, these inventions only came into use at a much
later date than in the countries bordering the Mediterra-

nean, to which our remarks apply, and to which all that is

known of the early history of weaving specially pertains.

In India the weaver planted his simple loom under the

shade of a tree (fig. 9), and extended his warp into the dis-

tance as far as necessity required. The invention of these

beams restored the weaver to his primitive position, that

which ultimately became and is now distinguished as the

front of the loom. " There was, however, as yet, no pacing

motion to the warp beam, nor taking-up motion to the cloth

beam; these were additions of a much later date. It is

probable that the weaver, when he had filled his warp too

near the point at which his healds were hung, would go to

the back of his loom, roll off the warp, return to the front,

and roll the length of woven cloth upon the beam intended

for its reception. It will be clear that this arrangement

would be inconvenient, and entail much care and trouble

before a proper tension could each" time again be adjusted.

But such as it was, it no doubt endured for a long period

before it was further improved. The subsequent illus-

tration (fig. 10) shows both warp and cloth beam and a rude
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tension arrangement or pacing motion. It is also shown
to be nnder cover.

Hitherto it will have been observed that no mention

has been made of the lathe and the reed. The necessity

for the latter had not come to be recognized, and the

hooked rod by means of which the weft was inserted

combined the functions of both the modern shuttle and

the lathe. At this point in the development of the loom

the time of separation was approaching. The very early

date at which the loom had attained the degree of progress

upon which the present remarks are based will be ap-

parent when it is pointed out that it must have been long

anterior to the time in which was woven the cloth that

modern explorers have discovered swathing Egyptian

mummies. Fabrics made by the insertion of short lengths

of weft threads would have one, if not both of their edges

loose, and consequently liable to ravel off, unless the pro-

jecting portions were turned into the next shed, of which,

in any of the ancient cloths that have been preserved,

there appears no evidence. Neither in any of the mummy
cloths, so far as we are aware, are loose edges found.

The safe inference from this is, that either the hieroglyphs

represent a state of the art existing long anterior to the

time when the mummy cloths were woven, or otherwise

the weaving of matting from the flags of the river, which
might exist alongside of the more advanced form of the

art represented by the capability to weave the fine linens

with which modern times have been made familiar. The
representations of the textile arts amongst the Egyptian

hieroglyphs are so few in number and so imperfect in

detail, that the latter conjecture is most probably the cor-

rect one. The forms portrayed are the simplest ones,

such as would invite selection for representation, whilst

the more perfect, and consequently the more complex

ones, would act rather as deterrents.

It must be remembered that whilst the loom was under-

going the development just sketched, the art of spinning
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threads from the different fibres was improving in like

manner. The possession of a continuous thread would

be a great boon to the weaver, not only in the prepara-

tion of the warp, but also for use as weft. The rod,

which it has been seen, was in use for inserting the weft,

would not be adapted for using a continuous thread, and
hence the necessity for its modification. It became de-

sirable that the weft carrier should go completely through

one open shed and return by the next, continuously repeat-

ing its traverse until its cargo of yarn was used. One
conspicuous improvement resulting from this method
would be the formation of neat, strong, and firm edges

that would not ravel off, as by the older plan. These
have become in modern times known as selvages, properly

self-edges. The passage through each shed of a long

rod containing yarn would be found to be a great incon-

venience, and the first effort to remedy this would be by
shortening it. This would obviate much of the difficulty

and accelerate the operation, but would still leave abun-

dant room for further improvement. The load of yarn

this germ of the shuttle carried would considerably im-

pede its being passed through the shed, owing to its

coming into contact with the threads of the warp, a fact

which it would not take long to discover. The provision of

a remedy for this would not be easy, and a long time

would doubtlessly elapse before it was accomplished. In

this rod containing weft yarn will be discovered the germ
of the shuttle pirn or cop. The previous use of the long

rod for inserting short lengths of weft yarn as picks

would have taught these ancient weavers that a smooth
piece of wood could with facility be passed between the

threads of the warp, but how to get the yarn inside a

piece of wood, or enclose it in a sheath of that material,

would be the difficulty. It has been assumed all along

that the development of the art of weaving, as hitherto

traced, occurred in Egypt and the neighbouring countries,

though principally in the first-named. An observant
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weaver would not therefore have to travel far in order to

discover suggestive material for the solution of his diffi-

culty. The art of navigation would have grown suffi-

ciently at the period supposed to be under consideration

to have reached to the construction of a rude form of boat

for use upon the waters of their famous river. It may
safely be assumed also that Egyptian children in the

early age would love the flowing waters of the Nile, and

delight to play upon its banks, much as English children

of to-day love the seashore, and take pleasure in freighting

and launching upon the waves their toy-ships. What
more likely than that the toy-boat of an Egyptian child

first suggested the idea of a shuttle to the swarthy

weavers of the Nile valley ? At the present day there is

a striking likeness, both in form and function, between a

boat and a shuttle, and it is well known that there now
exists on many of our inland canals a form of boat called

a shuttle. The idea once seized upon, the construction would

speedily be modified to suit it for its special function. This

invention or adaptation would give a wonderful impetus

to the weaver's art, because of the manner in which it

would expedite production ; as, instead of being slowly and

with difficulty put through the warp-shed, it could then be

rapidly passed from hand to hand. The Greek weaver shown
in fig. 5, ante, is an illustration of the later Greek loom in

which this stage of advancement is shown, the woman
represented having the shuttle in one hand and the sword

or batten in the other. It is quite possible, however, that

in assigning the invention of the shuttle to this early

date, and to Egypt at all, the period may have been

anticipated, and the honour awarded to the wrong country

altogether. Assyriologists of late years have begun to

put forward strong claims on the part of Assyria for the

honour of precedence over Egypt in the arts of civili-

zation.

This change in the form of the shuttle would induce

another important advance. It has been shown that up
D
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to that point the function of the batten, lathe, or slay, and
the shuttle, had been combined, and that the long rod by
which -the weft was inserted was used to beat it home.

The new form of the shuttle, however, was unsuitable for

this purpose, and therefore a rod specially adapted for it

was constructed and used instead. The illustration from

Montfaucon shows this rod. In some cases a comb, rudely

made in the form of the human hand, was used to bring

the weft into its position at the fell, after which the

spatha, as the rod just mentioned was called, was intro-

duced into the shed to give it the final blow and drive it

home. The form of the comb indicates its origin, and
points to the early use of the human hand for the same
purpose, which has been shown previously. In the comb
and the spatha, if the human hand be omitted from con-

sideration, is discoverable the origin of the modern lathe

and reed, the functions and actions of which have been

conjoined, and have had another added to them, that of

preserving the parallelism and equi-distance of the threads

of the warp.

Assuming that the development of the loom took place

much on the lines here laid down, it will be seen that a

point has been arrived at in which there is a sort of rough

balance or equality of facility in the performance of the

different actions in the process of weaving. The shedding

would be done by hand ; the shuttle was cast through the

warp by the same means ; and the weft was driven home
by the same instrumentality with the tools just pointed

out. The same comparative equipoise existed between

the production of yarn and its consumption. It is in posi-

tions of this kind that pauses are apt to occur in the rate

of improvement. No difficulty conspicuously obstructs

the progress of work, and hence ordinary intellects are not

stimulated into a manifestation of their skill. The loom

might easily continue in this state for ages before any

further important advance was made, which would pro-

bably result more from the inspiration of a bright mecha-
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nical genius, than from the pressure of facts upon ordinary

intelligences.

The next step in advance would most likely take place

in the horizontal loom, and would consist in an improve-

ment of the shedding appliances, enabling the weaver to

operate this part with his feet, instead of hands, as before.

This was probably what is still to be seen in the hand-

loom of the Hindoo weaver of the present day, merely

cords pendant from leaves of heddles with loops at the

end, in which the operator inserts his great toes, alter-

nately drawing down one leaf and then the other, whilst

the corresponding one rises by which the shed is formed.

The facility gained by this improvement would speedily

lead to the conviction that the use of the comb and spatha

was a slow and cumbrous process of getting the weft into

its position in the woven fabric after its insertion by the

shuttle. It will easily be seen that an enlargement of the

comb, which might be gradual, to the width of the cloth

would obviate much loss of time, and expedite the work

;

whilst the necessity of preventing the entanglement of the

warp-threads, and the preservation of their parallel order,

would lead to the construction of finer and finer combs,

until strips of reed were combined in one frame large

enough to reach across the cloth. The use of the enlarged

comb would be cumbrous, and its repeated insertion into

the warp-threads tedious and slow, until it was found that

by pushing it back upon the warp the same purpose would
be served, whilst weaving was greatly expedited. The
strengthening of the comb by the increase of its weight
and length would enable the weaver to drive home or lay

the weft in its final position by its means, and thus dis-

pense with the use of the spatha. This would eliminate

one operation altogether, and to that extent simplify the

process. At first the finest or lightest fabrics would only

be dealt with in this manner, but the increased facility of

production obtained from this method would soon suggest

the strengthening of the reed-frame to fit it for use in the
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heavier cloths. From this would speedily follow another

improvement. The weight of the lay in this form would
impede the shedding operations, an impediment to pro-

gress that would, in its turn, suggest the suspension of

the lay from cords. To make the lay depend from two
vertical bars attached to an axle on which it could oscil-

late easily, was one of the most important advances that

had hitherto been made in the construction of the loom. It

would probably take some time before it was perfected in

its minor details, but these would naturally be added as

their want became manifest. This arrangement, shown in

fig. 6, would again greatly facilitate production, and in turn

would lead to the introduction of the bore-staff for draw-

ing down the warp from the front to preclude the neces-

sity of the weaver's frequent journeys to the back of the

loom to unwind it. Here again would be developed

another difficulty, which would require further ingenuity to

overcome. The draught of the warp from the front

would too often leave it slack and unfit for shedding. The
frequent interruption of work arising from this arrange-

ment appears to have led, though at what date is not

known, to the introduction of a plan to secure a uniform

delivery of warp from the beam equal to the requirement

of the weaver. This was the pacing motion. The earliest

form of this arrangement was the old weight-rope, yet so

extensively in use even upon the modern power-loom.

This is a rope which passes once, or oftener, round the

collar of the beam, and having a weight at one end and a

counterweight at the other, or otherwise having the latter

attached to a flat spring or to the loom frame. Various

modifications of this arrangement took place before it

attained the comparative perfection of the present state.

In a French work, " Spectacle de la Nature," published

in the first half of the last century, and translated and

published in English in 1748, a drawing is given of a

loom having the pace-weight, which is shown in fig. 7. The
drawing is not sufficiently clear to show whether the rope
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passes more than once around the collar of the beam, but

it is clear enough to show that the action is automatic.

A similar appliance is shown upon a velvet-loom, which is

also portrayed in the same work.

The development of the loom has now been traced

through its various stages up to the point at which it

Fig. 6.

—

Flemish Loom about 1560.

remained until the new epoch of invention dawned upon
the world. This has been done in order to show that,

simple as its primitive form may appear to weavers in

these days, there was really much more inventive skill

and ingenuity required and expended in its invention and

construction than appear on the surface. The sketch,
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though mostly hypothetical, is not without historic sup-
port, as the brief references to the processes of weaving,
and the implements used in the industry, that have been
given from ancient writers, conclusively show. It will

Fig. 7.—French Loom, side view ; about 1740.

be useful, therefore, to summarize the progress made,

which can probably best be done by portraying the loom

as it existed in the sixteenth and seventeenth centuries,

and at the early part of the eighteenth, previous to
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the invention of Kay's important improvements. Our
illustrations are drawn from various sources. The first,

fig. 6, is a simple loom, and the figure is taken from
Schopfer's " Panoplia," published at Frankfort-on-the-
Main in 1568. It needs no detailed description. The
next two illustrations, figs. 7 and 8, represent a more
advanced loom. They are taken from the French work
just mentioned. They represent a side and front view

Fig. 8.—French Loom ; front view.

of a wide loom, which requires two weavers to work it.

The frame consists of inclined posts, 9, and cross-pieces, 10.

The batten, or lathe, depends from the top cross-bars,

where it is carried upon a serrated bearing, by which it

can be adjusted within a given range forward or backward,
according to the requirements of the weaver, or of the

fabric on which he is engaged. The lathe, it will be
observed, is composed of its two uprights, 11, carrying its
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two blocks, 12, 13, for the reception of the reed, the lower

one not being furnished with the projection now called

the shuttle-race, whilst the top one forms the cap, as in

the power-loom of to-day. By means of the cross-piece,

14, the height of the lathe can be adjusted as required.

The two leaves of heddles, 18, are suspended on cords,

which pass over small pulleys depending from a piece of

wood called "the gallows," 15. The breast-beam, 16, is a

large block of wood with an aperture in it, through which
the cloth passes to the beam or roller, 33, beneath the

loom. The warp-beam, 17, it will be observed, has no
spike, but rests in its bearing upon its collar. The great

amount of friction surface thus obtained dispenses with

the necessity of heavily weighting the beam for pacing

purposes, this being accomplished by the small weight
sliding upon the rope in a manner remarkable in this day

of multifarious warp delivery arrangements. In the tread-

ing motion it will be seen that the treadles, 29, have their

fulcrum at the front of the loom, instead of at the back,

as generally obtained in a later form of the hand-loom.

The weaver throws the shuttle from hand to hand. The
cloth was templed by the old hand temple, 31, composed of

two flat bars of wood, having pins at their extremity to

enter the selvages. This temple could be shortened or

extended, according to requirement. It will be admitted

that the loom, as here shown, is a very simple thing

indeed, and that it should have taken thousands of years to

arrive at this stage of its development implies the existence

of a remarkably low degree of the inventive faculty and of

mechanical skill amongst the peoples of the various nations

to whose comfort the art of weaving had ministered.

It is a remarkable fact, however, and one which forcibly

illustrates the strength of the conservative sentiments of

mankind, that in this age of mechanical invention, when
the loom has been brought to a point of perfection beyond

which it is difficult to conceive of its being carried much
further, it should yet be found, as here pourtrayed, even
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in this country. Five or six years ago the writer, whilst

on a visit to South Wales, went to see the picturesque

ruins of Caerphili Castle, in Glamorganshire. Leaned

against an outer fortification he found a small woollen mill,

and, curious to see how the processes of manufacture were

carried on there, went inside, and was greatly astonished

to find several weavers at work on such primitive looms

as here depicted, even to throwing the shuttle from hand

to hand. A pleasant chat with these old-time weavers,

probably lineal descendants of the Flemish weavers planted

in South Wales by Edward III., elicited the information

that there were still a considerable number of such looms

working in the locality around, and in Newtown and dis-

tricts in Montgomeryshire.

Perhaps it may be desirable, for the sake of technical

students, at this point to give a few illustrations of the

loom as it is found to-day amongst Eastern peoples and

semi-civilized races, where the art of weaving yet exists

in a very primitive form. Of Eastern peoples those of

India claim the first notice, chiefly from the early develop-

ment and the high degree of excellence the art of weaving

attained amongst them, the latter of which was due more

to the exquisite manual skill of the workers than to the

quality of their appliances. So far as can be discovered

the Indian loom has undergone very little improvement in

the course of many centuries. As it now exists it is pro-

bably as ancient as the single-thread spinning wheel of the

same country. The illustrations (figs. 9 and 10) will show
that it is constructed upon the same principles, and embodies

nearly the same parts, as those of the European hand-

loom, the development of which has just been attempted to

be traced. The slight frame consists of two or four up-

right posts consisting of bamboo canes, with similar canes

extending along the sides at the top, whilst, from a cross-

bar between the two sides, the healds are suspended. A
similar bar at the back in some instances forms the warp
beam, whilst in others the warp is extended its whole
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length. The cloth beam has in it a groove, into which a

strip of bamboo, passed through the looped end of the warp,

Fig. 9.—Indian Out-door Loom.

is fixed, and thus secured in the groove, precisely as in the

English hand-loom, and also as in its successor, the cloth

beam of the modern power-loom. The cloth is wound
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upon the beam by means of a winch or ratchet-wheel,

as in the loom just mentioned. The healds are treadled

from beneath by the weaver inserting his great too in

Fig. 10.—Indoor Indian Weaver.

pendant loops hanging from them. The lay is grooved

both in its cap and bottom for the reception of the reed,

exactly according to the most modern practice, and the

range of its action is controlled by a very simple appliance.
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The shuttle bears a great similarity to the English shuttle,

though it is somewhat longer and natter. It is com-
posed of the wood of the betel-nut tree, and is tipped

with iron. The eyelet for the passage of the weft is at

the side. The cloth is " templed " as in the old manner
in this country, the temples consisting of two bars of

wood arranged partially parallel, and having pins upon
their extremities which are inserted into the edges of the

cloth, which is then extended by the rods being pressed

down upon it.

In many cases the Indian weaver digs a pit or hole,

over which the warp is extended. To weavers in this

country the purpose of this pit is not quite obvious, but in

the hot climate of India it was of great utility. Its use was,

and is now, to secure a degree of humidity for the warp by
keeping a well of cool moist air beneath it, the moisture

being obtained by the tendency of water to drain into the

excavation. In Eastern lands, where the "sizing" was
very light, the finer cotton yarns could not have been

woven without some such provision during the hot season.

Those who remember hand-loom weaving in the cotton

trade in this country will know that clay floors in the

weaving shops and cellars were very common if not uni-

versal, and that in these there was very generally a

"treadle hole," into which it was a common practice for

the weaver to pour water, especially in summer. Possibly

this was a reflection of the system pursued in India, from

which it might have been imported when the cotton manu-
facture of this country was in its infancy. The natural

humidity of our atmosphere, however, rendered this pro-

vision a superfluous one except on rare occasions, or where
the weaving apartments were exceptionally dry.

In the Dutch possessions of Sumatra, Java, and their

other provinces, a still ruder form of the loom is used, as

was shown at the Amsterdam Exhibition, 1883. This

loom consists simply of two bifurcated posts, like a musical

pitch-fork in form, which are stuck into the elevated floor



EARLY WEAVING: DEVELOPMENT OF HAND-LOOM. 45

of their dwelling, the open ends uppermost. Into these

the beam is inserted, the gears are attached to a post above,

and the warp extended by means of a cord passing around

the body of the weaver, who follows her occupation with

more facility than could be expected from her simple

appliances.

In Japan an almost identical loom and method of

Fig. 11.—A Japanese Weaver.

weaving is in use, as may be seen from the accompanyiny

illustration (fig. 11). Passing from Japan to the still

more distant Salomon Islands, off the coast of ISTew

Guinea, there is found a very crude form of loom used by

the natives in making grass cloths. It is shown in

fig. 12. A portion of woven cloth is shown at A. This

specimen was obtained from Santa Cruz, one of the group

of islands. For the use of this and the preceding illustra-

tion, which are from the " Voyage of the Nyanza," a work
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by Captain J. Cumming Dewar, published last year, we
are indebted to Messrs. Blackwood and Sons, publishers.

The succeeding illustration, fig. 13, is reduced from a draw-

ing in Da Chaillu's book, " A Journey to Ashango Land."

Fig. 12.—Loom from the Salomon Islands.

It represents an Ishogo weaver at work making a cloth from

the fibres of the palm leaf, which are prepared by the

natives with considerable skill, woven into a cloth on the

very rude vertical loom shown in the drawing. " In walk-

ing down the main street of Mokenga," says the traveller.
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" a number of oundjas are seen, each containing four or

five looms, with the weavers seated before them weaving

the cloth. In the middle of the floor a wood fire is seen

burning, and the weavers are sure to be smoking their

Fig. 13.—An Ishogo Weaver ; Ashango Land, West
Africa.

pipes and chatting to one another whilst going on with

their work. They are all men, and it is the men who
stitch the bongos or pieces of cloth together to make robes

of them." This cloth is sometimes striped, or even
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checked, these effects being obtained by means analogous

to those employed by ourselves. The " oundjas," it may
be observed, are the workshops of the natives, consisting

simply of a roof on posts. They are without walls.

This illustration strikiDgly elucidates the process of

working the Santa Cruz loom, and though derived from

lands many thousands of miles apart, the looms are prac-

tically identical. The weaver, it will be seen, sits with a

supply of grass weft upon his knees, from which to refill

his shuttle when exhausted. To those readers to whom
Manchester is accessible, we would observe that a loom of

the same kind as these obtained from New Caledonia,

which is not far from the Salomon Islands, can be inspected

at the rooms of the Manchester Geographical Society, 44,

Brown Street, Manchester.

It would not be a difficult matter to adduce illustrations

to such an extent as to show that the historical develop-

ment of the loom, as in the preceding pages it has been

endeavoured to be traced, could be paralleled on geogra-

phical lines : that is, that all the phases through which

the loom has passed from its inception to its present de-

gree of perfection, can be found existing to-day, and em-

ployed for industrial purposes.

Returning from this digression, the last two advances

made in the hand-loom may be noted. At the beginning

of the eighteenth century the productive capacity of the

spinner and the weaver were in a state of equilibrium

:

the latter easily consumed what the former produced

without the first being overburdened with stocks or the

second having to wait for supplies of yarn. But a disturb-

ing element had been introduced into the political, com-

mercial, and industrial relations of England, that began

then, and has continued ever since, to exercise the most

important influence upon its fortunes and destiny—an in-

fluence, of the disappearance of which no sign as yet is

visible. This was the foundation of the East India Com-
pany during the reign of Queen Elizabeth, and the esta-
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blishment of numerous commercial factories, and the

growth of trade between that country and England. The
introduction of Indian cotton fabrics led to a demand which

steadily grew, until it had attained such an extent as

seriously to alarm those engaged in the textile industries,

the dissatisfaction being most concentrated at Norwich,

the principal centre of the weaving industries at that time.

In 1700 printed calicoes were prohibited by statute from

being introduced or worn in the country, but this proved

of little avail, as eight years later we find De Foe, in the

" Weekly Review," deploring the growing popularity of

cotton goods, asserting that it had practically ruined half

of the woollen industry of the country. The demand con-

tinued to extend, though numerous impediments were

placed in the way of its gratification. Weavers also en-

deavoured to compete with the Indian fabrics by making
light goods in both wool, flax, and unions of these materials.

The use of cotton was hated so much as to be prohibited

in mixed goods. These fine light fabrics could not be

woven with the same facility as the rough, coarse, and heavy

goods that had been displaced ; hence there existed a large

and growing demand, that was bound, in the then condi-

tion of the industry, to remain ungratified. This may be

regarded as the stimulus that led to the next step in the

development of the loom—the invention of the fly-shuttle

by John Kay, a native of Bury, in Lancashire. Kay was
the son of a woollen manufacturer of that town, who had
also an establishment at Colchester. After being brought

up to the trade in Lancashire, young Kay, who had shown
considerable mechanical ingenuity, was sent to the southern

town, to take charge of his father's business, and it was
while residing there that he determined to accelerate the

weaving process, which he accomplished by the invention

of his system of throwing the shuttle, and on which his

reputation is founded. This important improvement, where
adopted, at once quadrupled the power of the weaver,

whilst it obviated the necessity of employing two weavers

E
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upon wide looms, thus setting a large number at liberty to

operate looms for themselves. The invention consisted in

the addition to the ends of the batten or lathe of two boxes,

for the reception of the shuttle in place of the weaver's

hands, previously held out to receive it. In each of these

boxes a spindle extending their length was fitted, termed
the fly-spindle, and each carried a shuttle-driver, or

"picker," as they were technically termed. Between
these a cord was extended and attached to each, and aflixed

to this cord, in the centre of its length, was the peg, or
" picking-stick," as it is usually called in Lancashire, by
means of which the shuttle was jerked from one box to the

other through the open shed of the warp. This constituted

Kay's great invention ; and simple though it may now
appear, few have equalled it in the important consequences

that have flowed from it.

The details of a common fly-shuttle loom are shown in

fig. 14, which is from Dr. lire's "Cotton Manufacture of

Great Britain." The warp beam, with the warp upon it,

is shown at A ; the lease rods ought to have been seen at B,

but the artist has failed to depict them ; the two leaves of

heddles are shown at c and d ; the reed is carried in the

lathe, forming the cross-bar carried by the vertical sup-

ports, E, the whole swinging upon the cross-bar, F ; G is

the weaver's seat, often called " the sitting-tree ;
" sitting

upon which, with his feet he operates the treadles, h,

alternately pressing down one and then the other, whilst

between each movement he projects the shuttle through

the open warp, and then pulls the lathe towards him to

bring home the last pick to the fell of the cloth, that is,

the pick last laid.

The invention of the fly-shuttle was the initial step of

the great industrial revolution constituted by the change

from the manual to the mechanical systems of labour,

which has been in steady progress through, and will for

ever in the pages of history distinguish, the eighteenth

and nineteenth centuries from all those that have gone
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before, and probably from all that will follow after. It

is not intended to place limits to the conquests of the

human mind, but it is more likely than not that the chief

victories that are to follow will be won in other than

mechanical fields.

The balance that had hitherto existed between the spin-

ning and weaving branches was now rudely disturbed.

This will be evident when it is stated that in the woollen

Fig. 14. —Kay's Flyshuttle Loom

trade at this time one weaver required, in the other sections

of the industry, to prepare for and finish after him, the

services of twelve other persons. It may be interesting

and instructive to give here a statement from the " case "

of a Norwich weaver against Manchester calicoes, published

about 1720, and quoted in Mr. Alfred Barlow's " History

of Weaving," from which it is extracted. In relation to

the rest the weavers, it appears, stood as follows :

—
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Weavers .

Wool sorters

Pickers

Combers .

Spinners .

Throwers .

Twiners of the throw

Thread makers
Doublers .

Bobbin winders

Back-throw winders

Quill boys .

Warpers .

Dyers
Pressers .

ng m

100

4
10

20

900

4
4

4
50

12

12

50

5

6

6

Total 1,187

Thus it will be seen that an invention like that of John
Kny, which quadrupled the capacity of the weaver, and
largely increased their numbers by liberating one from

every broad loom to weave for him or herself, radically

altered the conditions of the industry. The change, how-
ever, was not instantaneous, as Kay's invention met with

great opposition amongst the weavers of Colchester, where
it was first introduced. Kay brought the invention north-

wards to Lancashire, his native county, where it met with

a more favourable reception, and was speedily carried

across the borders into Yorkshire, and generally adopted.

It is not necessary to inquire further into its effects, or

into the manner in which its inventor was defrauded of

the reward that was his due. Kay had considerable

mechanical ability, as is well proved by his numerous other

inventions, and this ability was inherited by his son.

No further development of the hand-loom is heard of

until John Kay's son Robert invented the drop-box in

1760. This invention consisted of an arrangement of
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several shuttle-boxes at one or both ends of the lathe,

whereby the weaver is enabled to introduce with facility

into his fabric several colours or counts of yarns, by which

the cloth was striped across its length. When the warp
was striped in a corresponding manner a checked effect was
obtained. The apparatus is shown in the illustration,

fig. 15. The cross-bar, A, is sustained upon iron gudgeons

on the loom frame, which is shown in section. From this

bar the lathe depends by means of its swords, bb. The
lathe beam, c, carries the reed. The shuttle-boxes, i> D,

are shown suspended in their respective frames. The

Fig. 15.—Kobert Kay's Drop-box. Arrangement, 1760.

fly-spindles, each carrying its respective picker, with the

picking-cords attached, have the latter rudely delineated

at B E. The horizontal levers, G G, moving upon their centres

upon the lathe-swords, bb, are connected with the boxes by
the means shown, the latter being actuated by the weaver
pushing the pin, H, to the right or left upon the lathe-cap

or bar, by which action the levers, G G, through their con-

nections, bring any required box opposite the shuttle-race,

ready to deliver any shuttle it may contain, or if empty,
to receive any that may be directed to it. This may be

regarded as the last considerable improvement made in

the hand-loom, and it was fit that it should have been
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accomplished by the son of the man whose inventive

genius first gave to the world a fore-gleam of the possi-

bilities of mechanical industry.

This practically closes the chapter of the hand-loom's

history. It will be observed that up to this time there

was hardly any thought of the loom being made to super-

sede the operations of the weaver. Nearly all that had
been sought, or even conceived, was to facilitate his actions

in the labour of weaving. To make the machine imitate

and perform these actions equally well, or even better,

had not entered into the mind of more than two or three

men at the most, so far as appears from any record that

remains. But the time was drawing near when the con-

ception was not only to arise, but to be realized by the

person to whom the thought occurred. The story of its

inception and development will form the subject of the

next chapter.
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CHAPTER III.

The Power-Loom and its Development.

Poverty of early mechanical science ; late development of man's

inventive faculty.—The equilibrium in the productive capacity of

the spindle and the loom at the commencement of the eighteenth

century; deranged by John Kay's invention.—The position re-

versed by Hargreaves' and Arkwright's inventions.—M. de Gennes'

and Vaucanson's automatic looms ; failure of both ; unfavourable

circumstances.—The Barbour Brothers' improved hand-loom.

—

Cartwright at Cromford propounds the idea of the automatic or

power loom. — Endeavours to realise it ; his first attempt and

failure. — Examines hand-loom weaving and begins anew.—His

second attempt, and its wonderful approximation to success ; at-

tempting too much the cause of his failure.—Description of his

loom.—His subsequent improvements.—Further developments of

the loom.—Clark's improved slay.—Gorton's over-pick.—Miller's

wiper loom.— Johnson's dressing frame.—John Todd's improve-

ments.—William Horrocks' improvements.—His dandy loom.

—

Further improvements and alterations by various succeeding in-

ventors.—Richard Roberts and his important inventions and im-

provements in the loom.—Full description of Roberts' loom.

—

Automatic stop-motions for warp and weft threads. —William

Dickinson's Blackburn loom.—His improvement of the picking

motion.—Inventors upon false tracks.—The draught and pacing

motions.—Smith's scroll pick. — Kenworthy and Bullough, the

Blackburn inventors.—The automatic weft slop-motion ; Rams-
bottom and Holt's double vertical loom.—James Bullough's double

horizontal loom. —Parkinson's disc temple. — James Bullough's

improved weft-fork arrangement, and trough and roller temple

;

description.—Clinton G. Gilroy's claim to the former examined.

—The power-loom in principle now a perfect automaton, and an

economical success.—Its further improvement by a multitude of

inventors.

LOOKED at from the present advanced position of tex-

tile mechanics, attained after a century of unparalleled

inventive efforts, the slow and halting steps made by
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mechanical science in the many centuries comprehended
in the previous review would justify the conclusion that

the inventive faculty of man's nature constitutes a recent

development of his intellectual powers, equivalent to the

acquisition of a new sense. Even yet the capability is

almost confined to two or three European peoples and
their descendants in other lands. The great results

achieved by these nations have had little or no effect in

stimulating the manifestation of the faculty amongst other

communities. The skill of Eastern races seems to have

spent itself in achieving the most perfect results of which
manual processes are capable. The products of Indian,

Chinese, and Japanese arts, especially in textiles, in ex-

cellence of colouring, variety, beauty of design, and per-

fection of execution, are something that the mechanical

productions of the West are a long way from equalling,

but to which they may with advantage aspire. These are

thoughts that would lead to some interesting speculations

if followed, but such a divergence would be out of place

in the present essay, and the temptation therefore must be

resisted.

The reader will recall the fact stated in the preceding

chapter, namely, that a condition of practical equilibrium

existed between the various sections of the textile in-

dustries at the close of the seventeenth and the beginning

of the eighteenth centuries : that is, the productive power

of spinners in supplying yarn was about equal to the

capacity of the weavers to consume it. The conjoint

labours of the two, however, were unequal to meet the

growing demand of the people for finer and better textiles,

which began to be supplied from India. The imports

from this source were, however, interfered with by legis-

lative enactments, which were passed at the instance of

manufacturers. Kay's invention of the fly-shuttle increased

the disorder arising from the growing competition of

India, and its extended adoption intensified the disorgani-

zation to such an extent, that one of the most pressing



THE POWER-LOOM AND ITS DEVELOPMENT. 57

wants of the time was the weaver's want of weft. The
details of this phase of the history of the cotton trade, and

the efforts of invention to overcome these difficulties, and

which nltimated in the brilliant success of Hargreaves of

Blackburn, Arkwright of Preston, and Crompton of Bolton,

are given in the writer's former work "Cotton Spinning:

its Development, Principles, and Practice," to which the

reader who may be interested therein is referred.

The extending adoption of Hargreaves' jenny in the

homes of the spinners and weavers ; the successful estab-

lishment of Arkwright's spinning mills at Oomford, Mas-
son, and other places; and of those of other people in

various parts of the country, in which the machinery of

the great inventor was worked under a royalty, led to a

well-founded apprehension that from a great scarcity of

yarn the country was passing to a state of superabundance,

that would be even more disadvantageous than the previous

deficiency. This idea became in a few minds the parent of

another, that the loom ought to be improved ; and recent

researches into the story of its mechanical development

have led to the discovery of several attempts to carry into

effect the vague conceptions that, with more or less distinct-

ness, had thus grown up. These must be noticed very

briefly.

It is somewhat singular that the first attempt to make
an automatic loom yet discovered occurred half a century

before Kay invented his fly-shuttle. It appears to have

been made by one M. de Gennes, an officer of the French
navy, who presented the machine embodying his concep-

tion to the Royal Academy of Paris, in 1678, and a de-

scription, with an illustration, was published in No. XXXII.
of the " Journal des Scavans " in that city in the same
year. It was termed a new machine for making linen

cloth without the aid of a workman. Those who may be

desirous of learning more of it will find an illustration in

the Introduction to the " Abridgements of Specifications

for Weaving," Part I. (1620-1859). It is very interesting,
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and to the student well worth perusal. This germ, how-
ever, perished, leaving no influence behind.

The next attempt which has been brought to light was
also of French origin, and was made by Vaucanson in

1745. His loom contained the rudiments of the celebrated

invention of Jacquard, and also of the friction roller

taking-up motion still universally in use. It is curious

to observe that both this and the former invention of De
Gennes had a shuttle motion, consisting of levers having

sockets at their extremities, which passed the shuttle

alternately from one to the other through the open shed

of the warp. This, on the part of both inventors, was
clearly an attempt to imitate the action of the earliest

weavers and the function of their hands in passing the

shuttle through the shed of the warp. But later weavers

threw their shuttles from hand to hand : these levers, if

the expression may be permitted, handed the shuttle

alternately from one to the other. It will be obvious

that the best speed that could possibly be attained

would be less than that of the ordinary weaver even of

that time. It may be remarked, in passing, that the

present writer saw a loom constructed on this plan in the

Paris Exhibition of 1878, made by a Swiss machinist. It

could hardly have been intended to be more than a

mechanical curiosity. Kay's plan of throwing the shuttle

had been invented twelve years, but had evidently not

come under the notice of Yaucanson, otherwise, as Mr.

Alfred Barlow in his "History of Weaving" remarks,

"he might have adopted it, and had he done so the power-

loom might have made its way half a century earlier than

it did." The result in this case was the same as in the

preceding one.

At the time under notice, however, there was no strong

motive to increase the capability of the weaver, and had

any ingenious inventor succeeded at this time in making

an automatic loom of a capacity exceeding that of the hand-

loom, it would have had small chance of being adopted, as
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already the power of the spinner to supply weft was being

left in the rear of the weaver's capacity to consume it, owing

to the extending use, by the latter, of Kay's invention

But the time was drawing near when all this was to change.

In 1764 Hargreaves achieved his grand success in the in-

vention of the spinning-jenny, and Arkwright quickly fol-

lowed in his steps. A few years served to revolutionize

conditions, and yarns from being very scarce became re-

latively abundant. It was this which gave rise to the

impression referred to above. The first outcome of the

idea was the attempt of " Robert and Thomas Barber, of

Billborough, Nottingham, gentlemen," who, in 1774, took

out a patent, No. 1,083, for machinery for preparing, spin-

ning, and weaving fibrous substances, &c Mr. Barlow,

in the " History of Weaving '' before referred to, p. 231

gives both details and illustration to which the reader is

referred. This loom was wonderfully near being a solu-

tion of the problem conceived, and had its inventors pos

sessed the persistency of purpose of Dr, Cartwright, there

can be little doubt that their success would have been

assured, as their device was a much better and more practi-

cable one than the first effort of the clergyman's. Nothing,

however, so far as can now be learned, was heard of it

farther.

These were the droppings, of no significance to blind

eyes, preliminary to the showers of the inventive faculty

fhat were about to fall upon the world, and which were
abundant and full of meaning and promise for the highest

interests of mankind.

The sentiment of which we have just spoken had in no

sense been allayed when, in 1784, a party of gentlemen

are stated to have met at the dinner table of an hotel at

Matlock Bath, closely adjacent to Cromford, the seat of

Sir Richard Arkwright's mills, who engaged in a dis-

cussion of the prospects of the then infant cotton trade

;

and, as has oftentimes been done since, debated the conse-

quences that would ensue from the over-production of
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yarns that was held to be likely to arise from the then

existing numbers and prospective increase of the newly
invented machines. It was in this discussion that the

brilliant idea was expressed that if we made machines to

spin yarn we must make machines to weave it. This

grand conception was put forth by the Rev. Dr. Cart-

wright, a clergyman of the Church of England. The
company which was thus engaged in conversation included

several gentlemen from Manchester, who might fairly be

esteemed to be capable judges of the subject. These de-

clared the idea to be quite impracticable, owing to the

number and complexity of the movements of a weaver
when at work. The rev. gentleman, however, strongly

argued in favour of its possibility, and in proof of the

position he had taken up, adduced in illustration and in-

stance the automaton chess player, which was about that

time attracting much attention in London. Of the effect

of his arguments upon his hearers the records tell us

nothing, but it is certain that he convinced himself not

only of its practicability, but of the great desirability of its

being done ; and, greatest conviction of all, that he was the

man to do it. Had the worthy doctor done nothing more
than broach this magnificent idea he would have deserved

to he held in grateful remembrance ; but as he at once

proceeded to carry it into effect his deserts in this respect

are all the greater.

Dr. Cartwright returned home, and immediately set

about the realization of his novel scheme : novel it may
truly be called, because it has nowhere been alleged, nor

is there any reason to believe, that either he or any mem -

bers of the company before whom he projected it had ever

heard, in any manner, of the attempts made by the persons

whose names have been given before. As he himself sub-

sequently confessed, he knew nothing whatever of weaving,

never even having seen a weaver at work. Of the stages

of his progress no record is left, but after a few months'

struggle he had brought his thought so near to realiza-
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tion that he took out a patent in order to secure the large

profits he anticipated would accrue from the invention.

This was in April, 1785. It is worth while to describe

this first device, notwithstanding its crudeness, being, as

it was, the parent of the large number that has followed it

on the same subject. The illustration, fig. 16, and the

Fig. 16.—Cartwright's First Power Loom, 1785.

details are from the patent specification, wherein it is thus

described by the patentee :

—

" It is worked by a mechanical force. The warp, in-

stead of lying horizontally, as in the common looms, is in

this machine (which may be made to hold any number of

webs at pleasure) placed perpendicularly. The shuttle,
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instead of being thrown by hand, is thrown either by a

spring, the vibration of a pendulum, the stroke of a ham-
mer, or by the application of one of the mechanical powers,

according to the nature of the work and the distance the

shuttle is required to be thrown ; and, lastly, the web
winds up gradually as it is woven.

' a is the warp beam ; b the cloth beam ; c c the boxes

containing the springs that throw the shuttles ; d is a

lever, having a corresponding one on the opposite side for

elevating the reed or comb ; e a lever, having a corres-

ponding one on the opposite side for reversing the threads
;

F the cylinder which gives motion to the levers, N.B. The
warp is kept to a due degree of tension by the counter-

action of either a weight or spring. The web is made to

wind by a like power, though in an inferior degree, and is

prevented, as the stroke of the reed or comb brings it down,

from unwinding by a ratch-wheel and click
"

It is curious to observe that this is a vertical loom
The reverend gentleman's ignorance of the art of weav-

ing, and the appliances common in the industry, from a

contemplation of the nebulous result of his first effort, will

be very obvious to all modern readers. When he had, as

he thought, completed his task, he condescended to see

how other people wove. He went to watch some hand-

loom weavers at work, and was surprised to find how
easily and with what little expenditure of energy they per-

formed their task. His loom could only be worked by two

strong men, and that for only a short time at once. His

lathe for beating up the weft fell with a weight many
times greater than necessary, and with such force as must
tear all his warps to pieces. It was an instructive lesson,

and was not lost upon him. He returned home with more
knowledge and wisdom, and resolutely set himself to devise

a fresh solution of the problem-

In his new design Dr. Cartwright adopted the common
wood frame of the hand-loom, and with it the horizontal

arrangement of the warp. In doing this he acted wisely,
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because the general prevalence of this form of the loom,

which was the outcome of the experience of nearly all ages

and countries, was an incontestible demonstration that it

was the best. But he did, or at least attempted, much
more than this. A study of the art of weaving, as he saw
it practised, revealed to him many details, of which he

was before entirely ignorant. It is curious to contrast

the enlarged and comprehensive conception of his task,

as exhibited in the ample and widely different details of

his second specification, with the meagre and crude notions

embodied in his first. In the latter he overshoots the

mark quite as much as before he fell short.

In the domestic form of the industry the weaver per-

formed many tasks for himself that, with its advancing im-

provement, have successively been detached from his charge

and have become separate pursuits. Some of these may
be mentioned, as warping, beaming, and sizing ; all these

processes, besides the movements incident to weaving
merely, Cartwright attempted to combine and perform in

his automatic loom. And when it is added that he included

a positive taking-up motion for the cloth and letting-off

motion for the warp, and also a broken-weft stopping

motion, and a broken-warp-thread stopping motion, the

reader will conclude that he attempted too much, and no
wonder will be felt that he failed. As it is on his founda-

tion that the wonderfully perfect automatic loom of the

present day is built, it will be interesting to the student to

examine the embodiment of the inventor's idea in some de-

tail, means for which is afforded in the annexed illustration,

fig. 17, which is a reduction of the drawings accompanying
his specification of October 30th, 1786. We may premise

that the drawing is crude and imperfect, showing a want of

skill in mechanical drawing. The view given is, however,

accompanied by a number of drawings of details, but the

task of combining them in one machine must have been
very difficult. The language in which the specification is

drawn is as crude and incomprehensible as the drawings,
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and would need the expenditure of much more time and

patience than the average reader would be likely to give

to get approximately near its meaning. This being the

case, the writer prefers to submit a paraphrase of it, which

he hopes will remove most of the obscurity in which Dr.

Cartwright's meaning was hidden, whether intentionally

or otherwise it is not necessary to inquire.

It will be observed that the inventor has adopted the

ordinary hand-loom frame. Instead of the common single

beam for the warp, he has substituted a yarn bobbin frame,

from which the cloth can be woven, he says, " without

the trouble of winding, warping, or beaming." It will

be remembered that it was customary for the hand-loom

weaver to size or " dress " his warp in the loom in lengths

from near the healds to the warp beam. This practice the

learned doctor endeavoured to obviate by inventing the

automatic arrangement shown in the illustration, which
consists of a trough extending across the loom at the

back to contain the sizing mixture, which it may safely be

presumed was of much lighter consistency than that now
ordinarily used. The first dotted cylinder above the

trough represents a brush working in the size mixture,

and conveying it in the course of its revolution to a

second brush next above it and similarly delineated, which

in turn gives it to the roller above, while the latter con-

veys it to the warp in its passage. The first-named roller

may be called the sizing roller, and the top one the com-
pression roller. Passing between these two the warp
returns over the latter and passes upward over the carrier

beam and onward to the healds. Over the top of the

carrier beam a flat dry brush was arranged for working
the " dressing composition into the yarn, and laying the fila-

ments of it smooth," but this is not shown in the illustration.

The latter is also defective in not showing the taking-up

arrangement, given in one of the detail drawings, which
consists of three " cylinders " or rollers placed one above

the other, the middle one acting as the motor. The cloth

P
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as woven passed over the first, around the second, coming
back between the latter and the third, and instead of beino*

wound upon the last-mentioned was delivered into a box
or trough beneath.

We now come to the mechanism of this remarkable
loom. The " slay " or lathe, instead of depending from
the upper cross rails of the frame, as in the ordinary hand-
loom, has this arrangement reversed, and oscillates upon
two standards or primitive " swords," and, it may be pre-

sumed, a rocking-rail at the bottom. This arrangement
was necessary in order to actuate it conveniently. The
main or first shaft crosses the frame in front of the lathe,

and carries the two cams which operate it, also the two
cams that actuate the under-pick picking-sticks, and in

the middle the tappets for shedding. All these are in

one way or another eccentric. The shedding tappets and
the lathe cams are shown in the illustration, but those

working the picking arrangement are left out, it apparently

having been beyond the skill of the artist to show one

cam behind another. The shuttle was projected through

the shed by springs compressed into position by the re-

volving cams, and acting upon the picking-rods, when re-

leased from the detent of the cam. The picking, shedding,

and the actuation of the slay being all performed from the

first, and indeed the only shaft, for there is no shaft in the

loom analogous to the second shaft of the modern loom, it

will be obvious that the cams employed needed to be of a

very peculiar construction, and, as shown, may be termed

double eccentrics. It will be clear also that the movements
that could be obtained from such arrangements would at

the best be unsuitable for the purpose, as they must

have been hard, harsh, and to use the next word in its

strictly literal sense, shocking. There could be nothing

in it of the easy gliding from one position and one move-

ment to another, so necessary to the preservation of the

yarn and the durability of the machine, and which is so

characteristic of the almost perfect loom of to-day.
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Keeping to the details shown in the illustration, the

next movements calling* for notice are the taking-up and
letting-off motions. These are both of the positive order,

and are directly connected. It will be observed that on

the extremity of the first shaft there is a projection, carry-

ing a worm gearing into a wheel upon a cross shaft, which

extends from the front to the back of the loom frame on

the outside. On each extremity of this shaft is a worm,
that on the front gearing into a wheel on the taking-up

roller, and that at the back into a wheel on the warp
delivery roller, and also operating through a pair of wheels

the two sizing-brush rollers. By changing the sizes of one or

both of the two first-mentioned wheels the inventor altered

and regulated the number of picks he put into his cloth.

It hardly needs pointing out to any one familiar with the

loom that he would experience a considerable amount of

difficulty in doing this to his satisfactionby such appliances.

It may be also observed that it was, probably, owing to

Dr. Cartwright's unfamiliarity with weaving operations

that he ignored • the excellent warp-pacing or letting-off

arrangement of the rope and weight which had long been

in use in his day in the hand-loom, and upon which in-

ventors have found it difficult to effect any improvement.

There was also incorporated in this loom an automatic

stop-motion for stopping the loom when the weft broke.

The principal mechanism for effecting this was a swivel

plate inserted into the shuttle. This in form somewhat
resembled a buckle of three bars, and had its pivot in the

centre one. The bars were not, however, equi-distant, the

one nearest the shuttle-eye being further distant from the

pivot-bar than the one nearest to the shuttle-peg. The
weft-thread was passed through the openings in this buckle,

and the tension upon the weft while at work maintained

it in a horizontal position. Immediately upon the break-

age of the weft the larger end dropped down, and on
emerging from the shed caught upon a hook, and thus,

through suitable mechanism, brought the loom to a stand.
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So far as we can make out this was a very imperfect
embodiment of an excellent idea, which has since been
perfected in an ingenious and beautiful manner.
But even this did not satisfy the comprehensive mind

of the reverend inventor. He endeavoured to construct an
automatic stop-motion which should stop the loom on the

breakage of the warp-threads. It will suffice to say re-

garding this, that though probably quite ineffectual in this

instance, and serving only to unnecessarily complicate the

loom, it has since been perfected and embodied in the

modern self-stopping beam warping mill, in which the

essential part is the drop-wire. The doctor was also, in

this instance, in advance of the time ; this part of his self-

imposed task even to-day, so far as commercial success is

concerned, remaining an unsolved problem as applied to

the warp in the loom. It has been solved, but not yet

with sufficient simplicity and economy to obtain the wide
adoption of any of the methods yet invented. It may be

observed, in concluding this notice of Dr. Cartwright's loom,

that no means of connecting it with any motive power, is

shown in either the full or detailed drawings.

Such are the leading features of this important inven-

tion. Its minor details it would serve no useful purpose

to describe. The three subsequent patents of the same
inventor refer to improvements in various points which
bring the several details nearer in principle to modern
appliances than they were in their original form. It may
now be well to trace succinctly and as briefly as possible,

compatible with justice to the subject, the further de-

velopment of the loom until it is found embodying all

the principles and details necessary to render it a perfect

automatic machine.

The idea of mechanical weaving having thus been

broached, and demonstrated to be practicable, progress,

though slow, was steady for some years, as many inventors

entered the new field thrown open for the exercise of

their ingenuity. Contemporaneous with Cartwright was
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" Thomas Clark, the Younger," who, in improvements

patented in 1788, advances the lathe by pulleys revolving

in arms fixed to a square piece of wood upon the driving-

shaft, and brings it back by wood springs. This is appa-

rently the beginning of the " wiper " principle. The same
inventor introduces the warp-pacing arrangement of

the hand-loom, the lever and weight ropes, which Cart-

wright made a mistake in not adopting at once. He wisely

discards the latter's attempt to make a warp from a creel

of bobbins. He also makes provision to prevent the

breakage of the warp by the trapping of the shuttle, to

obviate which it may reasonably be suspected Dr. Cart-

wright had found to be one of his greatest difficulties.

Clark's method is to suspend the warp carrier beam from

cords passing over pulleys, balancing it by weights. In

the event of a shuttle being caught in the shed, the strain

upon the warp would draw down the beam and slacken

the warp to such an extent as to prevent its being broken.

It is not many years since inventors abandoned plans on

this principle for obtaining the same end.

In 1791 Richard Gorton introduced the old over-pick,

in which the picking-stick is attached to a stud on the

lathe, and is connected by cords to a picker on each side of

the loom, in this imitating the action of the hand-loom

weaver, using John Kay's invention of the picking- stick,

by which the weaver threw the shuttle alternately one way
and then the other by a forward and backward jerk of the

hand. This system is still in existence in some of the old

woollen and worsted power-looms in Yorkshire, but has

long ago disappeared from the cotton trade. He also fur-

nished the shuttle-box with the swell spring to retain the

shuttle, and the stop-rod and frog, both of which are still

extensively in use. He adopted Cartwright's plan of

sizing the warp by means of trough, brushes, and roller.

Robert Miller, of Glasgow, in 1796, introduced the im-

provement of taking up the cloth as woven by means of

two rollers worked by a ratchet-wheel and catch, " fastened
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to a lever worked by a cam on the main shaft." The first

part of this improvement is in universal use to-day, the

only change that has occurred being in the means of

actuating the rollers. In the same specification the in-

ventor brings forward another excellent appliance in the

lever-picking motion, which subsisted with improvements
until about 1855. Other devices were included, but from

the description given of them it is safe to infer that they

were substantially impracticable. This was the celebrated

wiper loom.

Seven or eight years passed before any further advance

was made, which then came in the shape of an invention

by Thomas Johnson, of Stockport, in 1803, of the dressing-

frame, which finally emancipated the weaver from the task

of sizing his warp in the loom. This necessity and compli-

cation of the weaving process had been a great stumbling-

block to the progress of the improvement of the loom. It

is not necessary to describe this invention in this place

;

neither, as sizing now branches off into an independent in-

dustry, is it requisite to note its further progress in this

review of the development of the loom.

In 1803 John Todd, presumably of Burnley, introduced

the heald roller, placing it on the top of the loom, and

attaching the healds thereto by cords, working them by
treadles actuated by cams upon the second shaft. The lathe

is moved by a crank working in a slot in the lathe swords.

The stop-rod for the latter, as described before, is in-

cluded. This heald roller and the new shedding arrange-

ment constituted a great advance.

The improvements of William Horrocks, of Stockport,

patented also in 1803, brought the power-loom appre-

ciably nearer to being a commercial success, though still

leaving much to accomplish. In this case the old wooden

frame of the hand-loom was retained, and the lathe was

pendant from the top cross-beams, and was operated from

cranks on the first shaft, the shedding being performed by

tappets on the second shaft. An improved taking-up
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motion for the cloth was introduced, which was said to be

a piracy from one invented by William Radcliffe, also of

Stockport, the year previous, and brought before the

trade embodied in that inventor's well-known " dandy

loom." This was a remodelled and greatly improved hand-

loom ; it was substantially the last attempt to improve it.

After the above date there was much labour, but little

achievement of value, for the space of twenty years. As
the inventions that were patented during that time have

left little or no mark of a permanent character upon the

structure of the power-loom, it will serve to enumerate

their principal objects, as these will show the directions in

which the inventive genius of the time was labouring. In

1806 Peter Marsland introduced a slow movement of the

lathe during the passage of the shuttle. This was obviously

to overcome the difficulty induced by a poor picking

arrangement. It was, however, beginning at the wrong-

end. In 1807 Thomas Johnson set aside the principal

experience of ages, and constructed a vertical loom, thus

reverting to an ancient form. Little was heard of this, so

far as can now be gathered. In 1810 William Cotton

adapted, as a pacing or letting-off motion, the principle of

an invention for another purpose. Peter Ewart, in 1813,

first introduced the pneumatic principle into the loom,

which he applied for actuating the lathe. Many others

since his time have struggled with this principle, though
chiefly with a view to utilizing it in the projection of the

shuttle. All have hitherto failed to produce any arrange-

ment of commercial value. In the same year William
Horrocks patented a plan by which he almost brought the

lathe to a stand whilst the shuttle was passing through
the shed, thus accenting the principle introduced by Peter

Marsland. The waste of power involved in this arrange-

ment will be obvious. In 1815 Joseph and Peter Taylor
invented the double-beat foot-lathe, for use in weaving
heavy cloths, an invention which has survived in im-

proved form until to-day. It is still in extensive use for
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certain fabrics. In 1821 William Horrocks again comes
to the front with a plan for wetting the warp and weft
during working. This was obviously to overcome the de-

fects of the system of sizing then in use.

We now come to a celebrated name on the roll of English

inventors, that of Richard Roberts. Roberts had for five

or six years been settled in Manchester, and had achieved a

considerable reputation by his inventions in other fields of

mechanics, when the firm, of which he was a principal,

turned their attention to textile machinery. Roberts' im-

provements in the loom constituted in their day a very

distinct step forward. The most important of these, em-
bodied in the patent grant of 1822, is an improved arrange-

ment and actuation of the taking-up gear, consisting of a

toothed wheel placed upon the axis of the cloth-roller,

which was actuated by a pinion fixed on the axis of a

ratchet-wheel, which was moved by a click jointed to a

lever worked by the lathe. This is substantially the

taking-up gear of to-day. A positive warp-delivery motion,

worked in connection with the taking-up arrangement, is

included, the means employed being " a screw and worm
wheel, or other similar contrivance." There are several

other improvements included in the same specification, re-

lating mostly to the means for the production of fancy

cloths and to small-wares in swivel looms. The only one

we need notice is an improvement in the means of shedding

in cases where more than two shafts of healds are em-
ployed. The tappet-wheel he makes to "consist of a

number of small rollers or tappets, arranged in the cir-

cumference of a circle or revolving wheel, and adapted to

operate upon a system of levers, one half of which are

elevating levers for the purpose of raising the shafts or

heddles, and the other half are depressing levers, for the

purpose of depressing the shafts or heddles." This

is almost the cylinder-shedding arrangement, well

known in the production of fancy fabrics until about

the year 1855, when it began to be superseded by



THE POWER-LOOM AND ITS DEVELOPMENT. 78

improved appliances, which will duly come under notice

hereafter.

Richard Roberts took the power-loom as left by William

Horrocks, and npon that built his modifications and im-

provements. The loom of Roberts occnpies a position

about midway between that of Cartwright and the com-
paratively perfect loom of to-day. It will, therefore, be

useful to the student if the position at this point be re-

viewed, and an opportunity be afforded him of measuring

the progress made in the interval from Cartwright's laying

down his task to the time it was taken up by one of his

greatest successors in the same field of invention. The
following illustrations and descriptions of Roberts' loom,

from Dr. "Ore's "Cotton Manufacture," enables this to be

done with facility.

" Figs. 18 and 20 are two side elevations, and fig. 19 is

a front view.
" Those parts in the engraving marked with the letter A

compose the frame-work of the loom, b is the usual out-

rigger, or fast and loose pulleys, upon the principal or

crank shaft, o is a small fly-wheel, for equalising any
casual irregularities of motion in the machine.

" Upon the other end of the main shaft is a wheel, d,

figs. 19 and 20, driving another wheel, d', with double the

number of teeth, upon the shaft, e, which makes, there-

fore, only half as many revolutions as the main, or crank
shaft, b. The shaft, E, is called the tappet, or wiper-

shaft ; it raises and lowers the treadles, and throws the

shuttle, while the shaft, b, by means of its cranks, f, figs.

18 and 20, drives home the weft towards the finished

oloth, or works the batten.

" The cranks, f, are connected with the two levers, G, G,

called the swords of the lay, to which the batten, h, is made
fast, which carries the reed in its middle, to the shuttle-

boxes, h,h, at its end. See fig. 19.

" i is the warp-beam. The warp-yarns pass from it over

the roller, k, through the heddles, l, through the reed, Z',
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over the breast-beam, M (having now been changed into

cloth). This is finally wound upon the roller, n, or cloth-

beam. This roller bears at one end a toothed wheel, a,

Fig. 18.—Roberts' Loom. "First side elevation;" 1830.

which is moved slowly by a small pinion, u (fig. 18),

upon the axis of the ratchet-wheel, h. This latter wheel

is turned round a little after every throw of the shuttle, or

shoot of the weft, by means of a shed, c (figs. 19 and
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20), fixed upon the side of the lever, G, and pressing

against the other lever, d, with which a click is connected.

The degree of motion of the ratchet is regulated according

Fig. 20.—Roberts' Loom. Second side elevation.

to the quality of the cloth, by fixing the click in different

holes of the (dotted) lever, d. The lifting of the heddle,

L, is performed by two eccentric tappets or wipers, 0, o',
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upon the shaft, e, which press the treadle-levers, p, p',

alternately up and down. These levers are connected by
strings or wires with their respective heddles, which are

in their turn placed in communication by straps which

play over the small rollers, e, e, at the top of the loom.
" In fig. 19, the levers, p, p', have been shown in section,

in order to explain the way in which the eccentrics, tappets,

or cams work through the intervention of two small

friction rollers, made fast to the levers.

" The shuttle is thrown by the two levers, Q, Q, which

are alternately moved with a jerk of the rollers, E, fixed

by arms on the shaft, e, and working upon cams, s, con-

nected with the shafts of the arms, Q, Q. These arms,

which represent the right arm of the hand-loom weaver,

are united by the pecking-cord, t, which is mounted with

a spring of spiral wire, so that either arm may be brought

to its proper relative position.

" The shuttle is lodged in one of the boxes, /,/, of the

batten, H, and is driven across along its shed-way by one

of the pickers, g, g t
which run on the two parallel guide-

wires, h, h, and are connected with the peg-arms, Q, by
strong cords. See fig. 19.

" If by any accident the shuttle should stick in the shed-

way, the blows of the lay or batten, H, against it, would
very soon cause the warp to be torn to pieces. In order

to guard against this misfortune a contrivance has been

introduced for stopping the loom immediately, in case the

shuttle should not come home into its cell. Under the

batten, h, fig. 20, there is a small shaft, i, figs. 18 and

18, on each side of which a lever, Z, V, fig. 18, is fixed.

These two levers are pressed by springs against other

levers, m, m, which enter partly into the shuttle-boxes.

They act there as brakes to soften the impulse of the

shuttle, and allow also the point of the lever, Z, to fall

downwards into a line with the prominence at n, provided

the shuttles do not enter in and press the spring-point, m,

backwards, and thereby the upright arm of the bent lever,
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A
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V, onwards, so as to raise its horizontal arm, Z, above n.

When this does not take place, that is, when the shuttle

has not gone fairly home, the lever, Z, hangs down, strikes

against the obstacle, n, moves this piece forwards, so as to

press against the spring-lever or trigger, o, o, which leaps

from its catch or detent, shifts the fork, p, p, with its

strap, from the fast to the loose pulley at B, fig. 19, and

thus, in a twinkling, arrests every motion of the machine.

See figs. 18 and 20, at the right-

hand sides.

" The shuttle is represented (fig.

21) in a top view, and fig. 22 in a

side view. It is made of a piece

of boxwood, excavated by a mortise

in the middle, and tapered off at

its ends, the lips being shod with

iron points to protect them from

injury by blows against 'the guides

and the bottoms of the boxes.
" In the hollow part, a, b, there

is a skewer or spindle, c, seen in

dotted lines. One end of this

skewer turns round about the axis,

d, to allow it to come out of the

mortise when the cop is to be

Figs. 21, 22.—Roberts' Put on "

Loom Shuttle ; Plan " e (see the dotted lines in fig. 22
and Side Views. is the spring which keeps the spin-

dle, c, in its place by pressing

against one of the sides of the square ends of the spindle. /
is a projecting pin or little stud, against which the spindle,

c, bears, when laid in its place, g is a hole in one side of

the shuttle, bushed with ivory, through which the thread

passes, after being drawn through a slit in the centre of a

brass plate, h. In that side of the shuttle which is

furnished with the eye-hole, there is a groove extending

its whole length for receiving the thread in its unwinding

vy
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from the cop. The under surface of the shuttle, which

slides over the warp-shed, is made smooth from end to

end by means of two wires, which abate the friction.

"Thus we see that in the power-loom there are eight

points to be considered :

—

1. The framework of the machine.

2. The mechanism connected with the warp.

3. The movement of the healds, or heddles.

4. The movement of the lathe, or batten.

5. The movement of the shuttle.

6. The mechanical arrangements of the whole machine.

7. The mode of action, or working of the several parts.

8. The methods of throwing the loom out of gear.

" 1. The framework is of cast-iron, and is composed of

two sides, each being cast in a single piece, marked A in the

three figures, in which are seen an upright at each end, a

cross-bar at top and bottom, with a curved bar diagonally

placed. Upon the front of the uprights in fig. 19, im-

mediately above the letter a, there are notched brackets

for supporting the iron axes of the cloth beam, n. On the

back uprights of the loom there is a slot-bar for supporting

the axes of the warp-beam, I. See fig. 18. Towards the

middle of the top rails of each side the vertical prolonga-

tion terminates in the arch a'.

" The cross binding-rails which unite the two faces and
the two ends of the loom are,

—

1. The great arched rail, a', fig. 19, shaped like a

basket-handle, which is made fast by screw-bolts and nuts,

of which the heads are seen under a' in fig. 18. This

arc is destined to support the heddles, e, e.

2. The front cross-rail, A7

, fig. 19, bifurcated at the

ends to afford a greater extent of binding surface with

the uprights.

3. The back cross-rail (not seen in these views), per-

fectly similar to the front one, a'.

" The frame-work is exceedingly substantial, and stands
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steadily upon four large feet. The floor which bears it

should be free from tremor ; a stone or brick floor on the

ground storey being the best.

2. Arrangement of the Warp.

" The warp is wound, as we have said, upon the cylindric

wooden beam, I, figs. 18 and 20, from which it passes

over the guide-friction roller, k, whereby it is brought

into a horizontal plane suited to the play of the shuttle

and the lathe. The cloth being formed at r, figs. 18 and

20, progressively slides over the stroDg breast-beam, M,

and is wound upon the cloth-beam, n.

" It is essential to good work in the power-loom, that the

warp and the cloth be uniformly stretched to the proper

tension during the whole process of weaving ; for if it

become at any time greater, more force will be required to

move the heddles in opening the shed, the yarns will get

broken, and one shoot cannot be driven so close home
upon another as when the tension is less. On the other

hand, if the web be left too slack, the shoot of weft will

be driven too far into the shed, and will thereby ride, in

some measure, over the warp. It would not be difficult

to give the chain the requisite degree of tension for the

particular style of goods, were it not necessary to main-

tain it at the same pitch all the time that the cloth is

winding, and the warp unwinding, about their respective

rollers. The warp-beam, I, has at each of its ends a large

wooden pulley (one is seen in fig. 18), which are fixed

by screws upon the disc iron plate ; round that pulley a

cord makes two or more turns, and then hangs down with

the tension weight at its end (see fig. 18) ; a light counter-

weight, not seen in this view, hangs interiorly from the

other end of the cord. The weight, s, consists of round

plates of cast-iron, and it may, therefore, be modified at

pleasure by increasing or diminishing their number.
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" The roller, K, may be raised or lowered upon its rack-

work upright, as shown in fig. 18.

" The surface of the breast-beam, M, slopes slightly, and

is made very smooth to facilitate the sliding motion of the

cloth in its way to be wound upon N.

"The cloth-roller, n, bears upon one of its iron axes

prolonged, the toothed wheel, a, which works into a

pinion (seen in dotted lines, u, in fig. 18) upon the axis

of the ratchet-wheel, b. Hence if the ratchet-wheel be

turned round, it will turn the pinion, u, and the wheel, a,

on the shaft of the cylinder, n, so as to wind up the cloth

as it is made. The click-lever on the top of the ratchet-

wheel makes it hold whatever it has got, and thereby pre-

vents the cloth from unrolling.

3. Movement of the Heddles.

" These are of the usual construction in this power-loom

;

they are shown in section at l, l', fig. 20, and in front

view in fig. 19. The loops or eyes, v, fig. 20, through
which one-half of the threads of the warp passes, lie in

two ranges ; as also the loops, v', of the other heddles,

which transmit the other half of the threads. The loops

are arranged in two ranks, and in different planes (on

different levels), in order that the warp-yarns in passing

may be brought closer together. Thus the even numbers
of threads, 2, 6, 10, &c, which belong to the heddle l,

pass in the loops of the first or upper range, and the num-
bers 4, 8, 12, &c, in those of the second range ; and the

odd numbers of threads, 1,5, 9, &c, which belong to the

treadle i/, pass in those of its upper range, and the

numbers 3, 7, 11, &c, in those of the second.

" With the same view there are two heddle-sticks at

L, l', so that the threads which belong to the first range
loops may be received over the two front rods above and
below, and the threads which belong to the second range

G
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may be received over the two back rods. In fig. 20 the

line of division is shown in the middle of the section of the

heddle-rods at l. The same takes place with the other

heddle, i/.

" The rods of the first heddle-leaf are each attached above
to two cords terminating in leather straps, e, e (fig. 19),

the ends of which are nailed to the wooden pulleys, as

shown in section at e, figs. 18 and 20. The rods of the

second heddle-leaf are in like manner attached by two
cords, with two leather straps nailed to similar pulleys.

The last two pulleys have a smaller diameter than the

first. Both systems of pulleys are fixed upon an iron

shaft, which turns in the notch-bearings of the bracket

projecting from the point, a', of the basket-handle rail (as

shown at e, fig. 18).

" At their under part, the heddle-leaves are also attached

by two cords to two strong wooden bars, v, v, to the

middle of which are fixed the iron rods, 0, 0, which are

jointed to the treadle-marches, or steps, P, p'. These are

connected by screw-joints (fig. 19), so that the point of

attachment may be varied according to circumstances.

" We must now show how the treadles or marches, p, p

(figs. 18 and 20), are raised and lowered, and how they

effect, at the same time, the elevation or depression of the

heddles.

" In figs. 18 and 20 are seen the two bent lever-bars,

p, p', which turn upon a fulcrum at w, and which are

prevented from deviating sidewise by upright fixed bars,

which pass through slits in their middle, as shown in fig.

20. When the march or lever, P, is pushed down, de-

pressing the front heddles, the lever, p', necessarily rises,

because the one leather strap cannot roll round the pulley,

e, without unrolling the other, and reciprocally. In order

to shed the warp alternately, first in one direction and

then in another, nothing is required but to depress, in

succession, each of the treadles or levers, p, p', taking

care not to obstruct the motion of the rising one.
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" The movements, 4, of the baton, and 5, which throws

the shuttle, are essentially a little complicated, .not so

much from any difficulty of giving them the requisite

velocity, as from the necessity of making them start pre-

cisely at an instant, dependent not merely on the position of

the heddles, but on that also of the batten.

6, 7. The Communication of Motion, or the Train of the

Working Parts.

" The driving-shaft, which puts the whole machine in

motion, is represented by b, figs. 18 and 20. It is sup-

ported by the upper cross-rails, which extend beyond the

side-frames, to carry upon the right hand the toothed

wheel, d, fig. 20, and to the left the pulleys or outriggers,

C, fig. 18, upon which the steam-belt runs. Inside of the

frame, opposite each of the swords, G, of the batten, there

is a crank mechanism, B, F, upon the driving-shaft, to

which the links, f, z, are adjusted which move the batten.

It is therefore evident that for every turn of the fly-

wheel, c, or the steam pulley-shaft, the batten must make
a complete vibration to and fro, advancing each time so as

to beat up the shoot of weft at exactly the same point.

Hence, if the main shaft make 120 revolutions in the

minute, the shuttle must pass 120 times along the shuttle-

rail.

" The toothed-wheel, d, figs. 19 and 20, making as many
turns as the fly-wheel, works in the toothed-wheel, £', of

double diameter, and, therefore, communicates to it half its

own velocity. This wheel, d', is made fast to one of the

extremities of the tappet, or wiper-shaft, e (figs. 18, 19,

and 20), whose two bearings are in the curved diagonal

rails, x, fig. 19. This shaft, e, is moreover supported in

the middle by a clamp-collar, between and 0, fig. 19, in

order to guard it against the least flexure, in consequence

of the heavy strains it is exposed to in moving the

treadles.
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" The eccentrics, o, o', are mounted upon the shaft, e, and,

turning with it, impart alternate pressure to the marches
or treadles, p, p, as well as to the pecking-arms, Q, q'. The
effect of these eccentrics may be readily conceived from
their being of a spiral form, but with their curves placed in

opposite positions. Hence, if from the common centre of

the two eccentrics any radius be drawn to the two circum-

ferences, the sum of the two portions of it, intercepted by the

centre and each circumference, will be a constant quan-

tity, which is the essential condition to be fulfilled by these

eccentrics to give equal alternate impulsions.
" The ratio between the greater and smaller curvature of

these eccentrics depends upon the extent of the opening or

shedding of the warp for the shuttle-race. In the figures

here engraved the measurements are i and i inch, which,

by the scale of 1 inch to the foot, gives 3 inches and

6 inches ; and as the bottoms of the upright rods which

move the heddles work in the levers, P, at a great distance

from the fulcrum, w, one-half greater than the eccentrics,

o, or as the fraction 1. ; the movement of the heddles will

be
-f-

X 3 inches = 4^- inches. In order to open the shed

still more the lower ends of the heddle-rods would need

merely to be removed by the slots and nuts farther from

the fulcrum, w, that is, nearer to the points of the treadles,

or tappet-wheels, o, o, of a greater eccentricity may be

used.

" It is obvious that there should be a certain relation be-

tween the position of the crank elbows, b, f, figs. 18 and

20, and the position of the eccentrics, o. Thus, in figs.

18 and 19, the main shaft must make one-quarter of a

turn before the crank, p, with its link, p y, can strike the

batten, H, against the shoot of weft. During this quarter

of a turn, the tappet-shaft, e, moving with one-half the

speed, will make only one-eighth of a turn. The position

of the eccentrics must be nicely adjusted upon their shafts

to that of the crank, and firmly fixed in that position, so

that the batten may strike home the shoot upon the closed
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warp, or upon the warp still partly shed, as may be

thought preferable. In the position shown by the figures,

the lay will strike somewhat before the closing of the

shed ; for the eccentric or tappet-shaft, E, will make one-

eighth of a turn, equivalent to one-quarter of a heddle-

stroke, while the crank-shaft, B, will make the quarter of

a revolution requisite to drive home the lay upon the

shoot.

" We may now readily apprehend in what manner the

double arm throws the shuttle at the proper moment.
The two levers (figs. 18 and 19) which produce the

pecking motion are actuated by two friction-rollers (one of

which is seen to the right of e, fig. 18) attached to the

eccentrics or tappets, and diametrically opposite the one to

the other. By shifting the position of these projecting

rollers in the curved slot of the eccentric, R, the throwing

of the shuttle, effected by their striking down the pecking

lever, may be adjusted to any point in the revolution of

the tappet-shaft,, which moves the heddles. As the shuttle

can be thrown, however, only when the warp is open in a

considerable degree, the screw-bolts which carry the wiper-

rollers cannot be moved beyond the space included within

the extremities of the great arcs of the eccentrics. And
since there are two rollers diametrically opposite, it is

obvious that in each complete revolution of the eccentrics

the shuttle must be thrown twice ; and as each of these

revolutions corresponds to two revolutions of the crank-

shaft, or two strokes of the batten, there will result, as

there ought to do, one stroke of the battens for every

passage of the shuttle.

" I have seen this power-loom weaving at very various

speeds, from 100 pecks or shoots in the minute, up to 180.

The average number in the most improved loom-shops for

weaving calico may be reckoned 120.
" Near to each of its ends the warp-beam has two square-

grooved large wooden pulleys, which are fixed by screws

upon the cast-iron discs. These discs have a hollow
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socket in their centres for receiving the ends of the beam;
and they are also fixed by four screws, which pass down
through this socket into the wood. To give them a firmer

hold, the sockets have a projecting feather or wedge
within, which fits into a square groove or mortise cut in

the side of the roller. Round the smaller pulley a cord

makes two turns, carrying upon its inner extremity a light

weight, and upon its outer one a much heavier weight.

Round the larger pulley, at the other end of the warp-

beam, a similar tension-cord passes, but it makes four

turns, bearing analogous weights to the former pulley.

One of these weights is seen at s (figs. 18, 20).

"When the warp has been made fast, by securing its

ends in the longitudinal groove of the beam, and by forcing

the wedge-rule down upon the threads, and when it has

been led over the guide-roller, e, and the breast-beam, M,

and is tied in several little parcels to the cloth-beam, n,

held by its ratchet-wheel, it will be stretched to a degree

determined by the difference of the above pulley-weights.

" Let us recapitulate the train of its decussating opera-

tions, beginning at the moment when the shed is closed

—

that is, when the two heddle-leaves are at the same level,

as well as the tappets of the treadles, which are now
pressed by the intersecting points of the tappet-wheels.

The batten is likewise at the limit of its advance, in the

direction of the cloth, namely, striking home the shoot of

weft. Supposing the loom to make 120 pecks in the

minute, it will make, of course, a single peck in half a

second ; hence the fly-shaft makes a turn in half a second,

and the tappet or eccentric-shaft makes a turn in a whole

second. In moving from the above positions the tappet-

wheels must make one-twelfth of a revolution in order to

open the warp-shed completely, during which movement
one-twelfth of a second will elapse ; it remains open four-

twelfths of a second, and takes again one-twelfth of a

second to close, so that six-twelfths, or one-half, of a

second elapse between the moment when the warp begins
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to open, and the moment of its closing, while it remains

completely open four-twelfths of a second.

" The shuttle is thrown at the moment when the tappet-

roller at e strikes the bent lever at p beneath it, but the

warp* must be not merely opened for the shuttle to be

thrown ; the batten must be then at its utmost limit

towards the heddles, in order to give the shuttle "ample
room and verge enough." This is the condition which

determines the place of the tappet-rollers upon the eccen-

trics. As the batten arrives near the heddles after three-

twelfths of a second, it is obvious that the said roller should

strike its lever a little before three-twelfths of a second

have elapsed, or a little before the middle of the great arc

of the eccentric ; thus the shuttle starts before the batten

Iirs receded to its utmost limit towards the heddles, and it

should have run through a little more than one-half of its

race when the batten reaches that limit, so that it may
arrive in time at the other end.

" When the shuttle completes its race, the batten has

already passed the limit of its excursion towards the

heddles, and is on its return to strike home the shoot of

weft newly placed between the two portions of the opened

warp. It has now its maximum velocity, because the

cranks, b, f, are at nearly right angles to the links which
move the swords, G, of the battens. This velocity diminishes

in order that when the dents of the reed, borne along by
the lay, come in contact with the weft to drive it home,
they may act by gentle pressure rather than by a blow, so

as not to injure the yarn. The warp being closed at the

same instant, the pressure does not affect the loops of the

heddles, but is exercised upon the warp and the cloth

wholly in a longitudinal direction."

The foregoing description and illustration will clearly

exhibit to the student the progress made in the construc-

tion and improvement of the power-loom in the interval

between the time when the first inventor, Cartwright, laid

down his task and the time when Roberts in relation to
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this machine followed his example. We may now proceed

to examine and describe the contributions of succeeding

inventors, which have helped to make it the perfect auto-

matic machine of to-day.

A company of inventors, Stanfield, Prichard, and Wil-
kinson, join in a patent for automatic stop motions, for

stopping the loom on the breakage of the weft or warp-
threads. These, however, need not be described, as neither

of the principles embodied in their plans have come into

use. In fact, no satisfactory and commercially successful

method of stopping the loom on the breakage of a warp-
fchread has up to the time of this present writing been in-

vented, though electricity amongst other agents has been

tried.

The next great step in the improvement of the power-
loom is one which does not appear to have been patented

at all, so far as the writer can discover. This was the in-

vention of the modern overpick-loom, probably best known
as the Blackburn loom. Perhaps, to avoid all risk of con-

fusion with the old overpick-loom, which, in an antiquated

form, still survives in some of the woollen and worsted

districts, it will be best to call this the horizontal side-

pick. This well-known loom, which is now almost uni-

versal, was the invention of Mr. William Dickinson, of

Blackburn, who at the time he worked out this great

improvement was the manager for Messrs. Davison and

Price, ironfounders and machinists, who then carried on

business at the Eagle Foundry, Blackburn. This loom was,

and still, of course, is, a very perfect mechanical reversion

to the actions of the old hand-loom weaver, who threw his

shuttle from hand to hand. The picking arrangement was
very simple and efficient. It consisted of two tappet-bowls

carried, one on a fixed arm at the end of the tappet-shaft,

and the other attached to the arms of the spur-wheel upon
the opposite end of the same shaft. The revolution of the

shaft brought these bowls alternately sharply against two

vertical levers attached to the loom-frame by, and pendant
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from, pins on which they were pivoted. These levers were

of a peculiar form, suited to yield the effect desired. To the

bottom of each a leather band was attached, which extended

to a sector on the bottom of a vertical shaft, to which it

was attached. These shafts were fixed inside the loom-

frame, about midway between the back and front, and

carried upon their tops the picking-sticks horizontally ex-

tending over the shuttle-boxes. Connection with the

pickers was established by picking-bands in the ordinary

way. The two vertical shafts were also connected by a

band called a " back-strap," really a check-strap, attached

to small sectors on each shaft. In operation the bowls

on the tappet-shaft in their revolution struck each picking-

lever alternately, forcing them back from a vertical

line and through the bands connecting them with the

upright picking-shafts, sharply drawing the latter about

one-third of a revolution round, causing the picking-stick

upon its top to make a sharp movement, which, though

describing an arc of a circle, gave a lateral movement to

the picker, and thus projected the shuttle through the

shed to the opposite box, whence, in the same manner, it

was immediately returned. This is identically the same
motion as that in vogue to-day. It will thus be seen

that the picking-sticks, in this arrangement, very closely

represent the arms of the olden time weaver, and simulate

his action. This picking motion became very popular,

and remained unchanged for about twenty-five years,

when, about 1853, an improvement was effected in its

details by the substitution of the cone-tappet, at present

in use for the lever and bowl described above. This was
also by Mr. William Dickinson, who had before this time

founded the still existing firm of loom makers known as

William Dickinson and Sons, Blackburn. Of this type of

loom in its original and improved form, probably ten times

:as many have been made as of any other. Its details

will come under notice subsequently.

Our review has now carried us to about the year 1830,
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and it may be desirable to remark that the inventions to

which references have been made are not more than one-

tenth of the total number devoted to the improvement of

the loom. The purpose of the writer has been, and will

continue the same throughout, to notice only those improve-

ments that have introduced principles, in however crude a

form, that have maintained their position, and, with im-

provement in their details, have become integral and valu-

able portions of the loom of to-day, and with which there

can be no thought of dispensing. It may be observed,

however, that during the ten years from 1820 to 1830 there

is visible an increasing effort to add two valuable features

to the loom, namely, first, an automatic stop-motion, to

stop the loom on the exhaustion or breakage of the weft
;

and second, an automatic, or self-acting temple. It is

very curious to note with what persistency inventors went
upon a false track in their endeavour to accomplish the

former object. This was to devise an arrangement which,

on the breakage of the thread, should prevent the shuttle

entering the box to which it was proceeding. In the then

existing arrangements of the loom this could only operate

with disastrous effect upon the warp, which would be liable

to be " smashed " every time the loom was thus stopped.

Unquestionably the evils that would thus be produced

would be greater than those endeavoured to be cured, and

this, no doubt, was the reason that ultimately led to the

abandonment of the attempt to solve the problem in this

direction. In the matter of templing, the most various

devices were resorted to, some of which, looked at in the

light of present appliances, are exceedingly ludicrous.

Two other matters may, at this point, be referred to as

greatly exercising the faculties of inventors. These were

the taking-up and letting-off, or warp-pacing arrangements.

As has already been shown, the true principles of these had

been discovered and applied, but ill-considered attempts to

improve upon or supersede them were numerous, and, as

might be expected, quite futile.
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In May, 1833, an American invention of a self-acting

temple, an ingenious but complex device, was patented in

this country, and appears to have met with a considerable

amount of favour as being the most successful attempt to

construct a self-acting temple that had been made. This

is described and illustrated in Dr. lire's "Cotton Manu-
facture," vol. ii. page 317, to which the curious reader

is referred. Its principle is not one which could be

approved.

In 1834 we find the record of an invention by Luke and

John Smith of an improved picking arrangement, which

has held its own to the present time. " Instead," say the

patentees, "of operating upon the picking-levers, or picking-

sticks, by gear or other mechanism heretofore employed,

we fix upon the periphery of each fly-wheel certain in-

clined curvilinear projections which we denominate in-

clined planes, and each of these inclined planes is made to

operate upon its respective picking-stick at every second

revolution of the crank shaft." This is the old and well-

known scroll-pick yet in use in heavy looms for cords,

moles, ticking, and other heavy fabrics.

In May, 1834, two notable Blackburn names first ap-

pear in the inventors' list for improvements in looms. It

would seem from the specification, and from a previous

one of another inventor, that the taking-up roller was still

used also as the roller on which to wind the cloth as it

was woven. The consequence was, that as the cloth was
wound upon it its diameter underwent enlargement, and
its capacity for drawing down the warp correspondingly

increased, the cloth gradually becoming thinner or re-

ceiving less picks as the weaving proceeded, which if per-

mitted to continue would have resulted in a very great

deterioration of the quality of the cloth at the end of the

piece. Various plans were tried in order to obviate this

result. One inventor borrowed the complex differential

arrangement of the cone drums from the slabbing and
roving frame, and the Blackburn inventors endeavoured
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to solve the problem by the use of the disc arrangement for

the same purpose. The ordinary method of overcoming
the defect, and which perhaps was better than either of

these, though troublesome, was to frequently change the

pinion on the taking-up gear. It is strange that inventors

should go to such trouble when the problem had been

perfectly solved some time before by- the introduction of a

friction cloth roller, which was actuated by surface contact

with the taking-up roller, thus winding on the cloth as it

was woven without affecting the diameter of the taking-up

roller at all. Reference is made to the Blackburn patent,

however, more especially to note the first appearance of

the " vibrating, or fly-reed," which was introduced in con-

nection with a system of levers for stopping the loom on
the breakage of the weft. Probably little conception was
entertained at this time of the real importance of this loose

reed, and of the great part it would afterwards play in

developing the capacity of the loom. Though the Black-

burn patent appears in the names of Messrs. Hornby and
Kenworthy, the proprietor and the leading manager of

Brookhouse Mills in that town, there is good reason to

believe they were greatly assisted in devising their improve-

ments by the celebrated inventor James Bullough, then in

their employment, and whose own name first appears in

the list of inventors the following year.

"We now arrive at the date which marks another im-

portant invention, and which constituted a great step for-

ward towards rendering the loom perfect. This was the

simple and beautiful automatic weft stop-motion. This

first appears in a specification granted to John Ramsbottom
and Richard Holt, of Todmorden, July 12th, 1834, No. 6644.

The specification mainly relates to an ingenious double ver-

tical loom, an attempt to improve that of Thomas Johnson

invented in 1807, the details of which it is not necessary

to describe, as it did not take very long to demonstrate it

could not succeed. A part of this invention consisted of

the new automatic weft stopping motion just mentioned.
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Though somewhat crude, the essence of the more perfect

conception is there, and is very clearly denned. The con-

trivance consisted of levers, which the patentees call

" hands and fingers." These were attached to rods ex-

tending across the loom and turning in bearings on the

side standards. At each end of the reed there was an

aperture in the shuttle-race, covered by some slight

wires, set sufficiently apart to allow the fingers of the

hands to pass through when not supported by the weft.

To the rods were attached levers provided with notches,

which levers were again connected to a sliding bar, so that

when the fingers were not supported by the weft the

notches on the levers were struck, and the levers and
sliding-bar were raised by the lay, so as to allow a spring

to act upon the driving-strap and traverse it from the fast

to the loose pulley, at the same time bringing a nib on

the sliding-bar in contact with a nib on the fly-wheel of

the loom, which stopped it instantly. When the shuttle

did not reach its box, a pendant lever was acted upon by
a swell in the shuttle-box, so as to cause a catch upon it

to come in contact with an arm extending from the sliding-

bar, which was thereby raised and the loom stopped as be-

fore described.

On October 1st, 1835, James Bullough, of Blackburn,

appeared in the Patent Office with an invention of a

double horizontal loom having two beams, two slays, and

two sets of healds, with the other necessary appendages.

This was evidently suggested by the preceding invention,

but was worked on different and better lines, and had all

the merit of novelty. Included in this patent is an im-

proved weft stopping motion and taking-up and letting-

off arrangement. This specification affords another illus-

tration of how clay and gold, so to speak, are mingled

together, the double loom being radically wrong in prin-

ciple when considered from an economical point of view.

The only valuable points in this invention are those re-

lating to the three automatic motions just mentioned.
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In 1836 Andrew Parkinson patented " an improved
stretcher, or temple," which consists of a circular disc, or

wheel, the periphery of which is studded with pins. It is

arranged horizontally near the edges of the cloth, and its

revolution keeps the latter stretched to its proper width.

This was a meritorious invention, and has not even yet

been altogether discarded.

Though numerous inventions in connection with the

loom continued to be made and patented, these related

more to details or adjuncts than to the essential parts of

the loom itself, and but little of a real advance was made
in the next five years following the above-mentioned

date.

In 1841 we come upon two important improvements
embodied in one patent specification. These were, first,

the trough and roller-temple, that in templing marked
the introduction of a new principle, which, with improve-

ments in details, has held its own ever since, and is pro-

bably, in connection with power-looms, the most universally

used of all temples. The second of these was a great

simplification and improvement in detail of the fork and

grid weft stop motion, first introduced by Ramsbottom and
Holt, as mentioned previously. The patent containing

these improvements was granted to William Kenworthy
and James Bullough, of Brookhouse, Blackburn, two names
as well known as any in the roll of inventors in con-

nection with the loom.
" This stop-motion," say the inventors, " consists in a

very simple additional apparatus, which may be readily

applied to looms in general, and may be termed the weft-

watcher, or detector, as it points out with unerring cer-

tainty the breakage or absence of the weft-thread by the

instantaneous disengagement of the taking-up motion,

and entirely stopping the ordinary evolutions of the looms.

As the object is to be accomplished by the absence of

the weft-thread, we are enabled to give it sufficient

strength or power, when in its place in the loom, to act
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upon the throwing-off motion, bj causing the thread to

intersect a small forked lever which protrudes through

the reed at every stroke of the slay or crossing of the weft,

which will cause such forked lever to rise when the

thread is present and to fall when absent, and thus to be

placed in combination with another detector-lever, which

is kept constantly vibrating or moving with the beating

up of the slay, and by a proper arrangement and order of

their motions will form an escapement, by which we are

enabled to stop the taking-up motion and all other actions

of the loom simultaneously merely by the absence of the

very first pick of weft."

Here at last, fifty-five years after the invention of the

power-loom, was an improvement which had been its chief

desideratum from Cartwright's days. Without it the power-

loom never could have entirely displaced the hand-loom,

or have become the important machine it is to-day. As it

was, before this improvement was effected, it required the

closest and most unremitting attention of the weaver to

prevent the warp being drawn down without its filling of

wTeft, by which it was frayed and seriously injured. The
cloth too was frequently damaged by " galls " and
" cracks," or long and short spaces without weft. One
loom was as much as many weavers could undertake the

charge of, whilst the most skilful weaver of the time could

not venture upon more than two, and these working at a

speed of only about 120 to 130 picks per minute. This

affords a great contrast to the picture presented to-day, in

which it is a common practice for a weaver to take charge

of from four to six looms, running from 220 to 260 picks

per minnte. This improvement rendered the loom an
almost perfect automaton. As before observed, the first

idea of this arrangement appears in the specification of

Ramsbottom and Holt, of Todmorden. A second refe-

rence and description of the principle of this invention

appears in a patent (a communication) granted to Moses
Poole, November 12th, 1839, No. 8270. In the Abstracts
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of Patents on Weaving, this is described as follows

:

" The ninth part of this invention relates to a method of

stopping the loom when the weft is expended or broken.

A " fork or grid," are placed at each side of the lay ; the

forks are connected by a rod which works in bearings.

A curved lever is attached to the rod, which by coming in

contact with a stud, or pin, causes the forks to be lifted

out of the way of the shuttle as the lay goes back. When
the weft is broken, the forks enter the grids, and actuate

a balance lever, carrying a small projection, or knob, which
comes directly in front of the stop-lever."

On the strength of this notice Clinton Gr. Gilroy claims

to be the author of this invention. In a foot-note on page
416 of his well-known " History of the Art of Weaving,"
first published in New York, 1844, he makes the following

statement :

—

" This motion originated with us, in the beginning of

the year 1831, at which period we applied it to a power-

Loom for weaving Marseilles quilts ; and the patents ob-

tained in England by Mr. Bullough and Mr. Ramsbottom,
for modifications of it, of course, belong to us. We made
still further improvements on the motion in the years

1836 and 1838, for which we obtained patents in November,

1839, in the name of Moses Poole, of the Patent Office,

4, Lincoln's Inn, Old Square, London. We also secured

patents for the same invention in France and Belgium,

through Harry Trufiant, Esq., patent agent."

We regret, however, to say that in our opinion it would
be injudicious to give unlimited credence to the claims of

Clinton Gr. Gilroy, without obtaining therefor strong con-

firmatory evidence beyond that tendered in his book. In

the above extract, his assertion that he " originated " this

motion in the early part of 1831 is not supported by a

tittle of evidence, whilst his own work affords evidence

that he was a careful student of English patent specifica-

tions, and of the work of Dr. Ure on Cotton Manufacture,

published in 1836, in which Hamsbottom and Holt's patent
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is noticed. The improvements he asserts he made as

above and patented in 1839, as will be observed from the

description, scarcely carry the matter the smallest space

beyond the point at which it was left by the Todmorden
inventors, and it was far from attaining the simplicity and
perfection reached by James Bullough in the invention of

1841.

The power-loom at this point of development had be-

come in principle a perfect machine. The various motions

necessary to form cloth : shedding of the warp, picking

in the weft, driving it home, taking np the woven cloth,

and giving out of the warp as needed, were all automati-

cally performed, and, what is more, these movements were
harmoniously combined and correlated, so that the result

of their united action was a woven fabric produced with-

out the intervention of human labour, at less cost and
better in quality than that as a rule obtained from the

work of the hand-loom weaver. It was thus not only a

mechanical, but an economical success. In saying this, it

is not meant to assert that it was perfect in its details

:

such was not the case ; much ingenuity has since been

expended in improving these during the last fifty years,

and in order to bring it to its present stage of perfec-

tion.

A very brief glance only at a few of the most important

inventions contributing to this result will be nufficient to

give the student the necessary insight into its further

advance and improvement, as they will all in their aggre-

gate come under review subsequently.

The first invention of this kind calling for notice is that

of the loose reed, by James Bullough, in 1842. This was
practically the first of a series that has almost doubled

the working capacity of the loom, enabling it to be run at

a speed quite unattainable with the fast reed. In 1845,

John Sellers, of Burnley, invented the first loom-brake,

which became known as the " Burnley brake." This also

was followed by a long series of improvements upon it by
H
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various inventors, the effect of which has been to attain

with it a degree of perfection that leaves little to be

desired. In the same year a very useful little device, the

continuous check-strap, was patented amongst a number
of other small improvements, being included in a specifica-

tion granted to William Eccles, William Crook, and William
Lancaster, of Blackburn. The invention of the original

check-strap, which probably was not continuous, is claimed

for the late Mr. Robert Pickles, of Canton Mill, Burnley,

who made it whilst an operative weaver between 1835

and 1840, the actual date being probably in the year 1838.

The next improvement of importance was the introduction

of the present method of picking by the cone and bowl in

looms constructed on the Blackburn principle, or the

modern over-pick, otherwise sometimes called the side-

pick. This occurred about the year 1852, and, appro-

priately enough, originated in the establishment of the

original inventor of this loom. Singularly enough, like

the loom itself in the first instance, it does not appear to

have been deemed of sufficient importance to be patented.

At all events, no record is discoverable of either in the

Abridgements of Specifications on Weaving. It was,

however, found so superior to the older form of the

lever-pick then in general use, that it quickly displaced it,

being easily substituted.

Contemporaneously with the development of the power-

loom, which in this chapter it has been endeavoured in its

essential principles to trace, there were many hundreds of

improvements in details, and many hundreds more of

attempted improvements, but which in practice did not

sustain the claims made on their account. These it has

not been necessary to notice, though much that is curious

and interesting to the technical student could have been

found in them. Useful lessons might also have been

deduced from them, as very often failures are more preg-

nant with instruction than instances of success.
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CHAPTER IV.

Weaving and the Consteuction op Woven Fabrics.

The principles of weaving.—Its simplest form.—The variety of

weaves.—Texture of plain cloth.—Healds and reed.—Weaving
with one shaft of healds.—Ornamentation of plain cloth.

—

The
plain weave, and its variations.

—

The three-shaft twill; designs and
drafts.

—

The four-shaft twill; designs and drafts.

—

The five-shaft

twill ; designs, etc.

—

The six-shaft twill ; designs, weave plans,

and drafts.

—

The seven-shaft twill ; designs and weave plans.

—

The
eight-shaft twill, and variations.

—

The nine-shaft twill.—The ten-

shaft twill, etc.

—

Double and multiple cloth weaving ; description.

—

The fundamental principles of double-cloth weaving ; numerous
illustrations.—The laying out of fancy double cloths.

—

Crimped
cloths ; how to get. the best effects; illustrations.

—

Gauze or Leno
weaving; description.—Best expression of the gauze weave.

—

Light and elaborate effects.

—

Cords, velvets, velveteens, plushes,

moleskins ; descriptions and illustrations.

—

Jacquard harness ; the
London and Norwich ties.—The hooks of the jacquard machine.
—Building the harness.

—

Damask weaving ; the shedding capacity

of the jacquard machine.—Designing for the jacquard.—Design
or poms paper.—Simplicity of jacquard drafts.—"Casting out"
hooks and mails.

—

The analysis or dissection of woven fabrics

;

points to be noted, and method of procedure.

THE principles of an art may be called its foundation

stones ; and the natural consecutive developments

from them the successive courses of the building contri-

buting to the formation of the structure that, in its

finished state, becomes a thing of utility, beauty, and a

joy for ever. Some people may regard this as exaggerated

language to apply to the somewhat homely and prosaic

art of weaving, as they are accustomed to regard it. But
such opinions, where they exist, may safely be attributed

to an imperfectly developed capacity of observation, rather

than to the absence or deficiency of beauty in the thing

observed, when that is the art of weaving. The primary
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object of the art is the provision of raiment for mankind,

and for nse in their dwellings. The fabrics devoted to

these purposes may be plain, or be slightly or elabo-

rately decorated. These, in their corresponding degree,

call into requisition the simple, medium, or the most com-
plex principles and mechanism of the art in order to pro-

duce the desired results. This chapter will, therefore, be

devoted to an attempt to expound these priuciples, leaving

the mechanism for subsequent review.

The writer has already, in a previous chapter, denned
weaving as " the art of arranging, at right angles to each

other, two or more series of threads of any suitable

material, and binding them together by passing each

thread under and over, and sometimes partially around,

one another in regular alternation, or in such other order

as may be needed to produce the required effect, by which
arrangement they assume and retain an expanded form,

rendering the fabric adaptable to many uses."

This definition might very properly be enlarged as not

being sufficiently inclusive, as it does not bring in several

classes of textile fabrics that can be made from a single

thread. As instances of these we may point out knitted

fabrics, nets, and point lace. Besides these, of which
some people may doubt the appropriateness of the classifi-

cation when brought within the category of textile fabrics,

it is possible, and not only possible but a common practice

to make fabrics in this manner from single threads. When
in the production of these classes of fabrics the number of

threads is increased, as they may be in knitting, netting,

and the making of pillow lace, it is usually done to facili-

tate production, or to obtain a greater variety of results.

As, however, it is not within the purpose of this work to

give an exposition of these phases of the textile arts, but

of the principles of weaving as ordinarily understood,

they will not require more than a very slight reference.

In the interests of textile students, however, before

leaving this point, we ma)' observe that a properly woven
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fabric as ordinarily understood, and including warp and

weft, may be made from one single thread. As an experi-

ment to prove this, let the student take a needle and

a length of cotton thread, and, using it singly, pass it back-

ward and forward, say through two pieces of paper kept

an inch apart, for about twenty times, placing the thread at

each passage alongside and parallel with the one put in

before. This will give forty warp threads. Next turn

the needle to the side of these, and pass it under and over

each thread in succession until the needle passes out at the

opposite side, drawing the thread close up. This done,

reverse its direction, and alternate the interlacing until

it emerges near where it first entered. Repeat this pro-

cess until the thread in the needle is used up, or the warp
threads are filled. In both cases take care that the threads

are placed parallel and close together. It will then be seen

that a perfect piece of cloth has thus been made, and if done

skilfully it would not be easy for other than experts to

say that it had not been produced by ordinary appliances.

This is the irreducible simplicity of weaving, and as thus

described is often used to effect repairs to fine linens and

other fine fabrics in Germany, where the women are ex-

ceedingly skilful in such work. In England it is occa-

sionally seen in the woollen districts, and in humble homes
resort is had to it for mending hosiery, when it is

familiarly known as " darning." With these observations

on the elementary principle we may proceed to a more
methodical exposition of the subject.

Weaving is the name given to the art of constructing

textile fabrics. It is of the most simple, or the most

elaborately complex character, according to the require-

ments of the articles sought to be made. The simplest

form, as ordinarily understood and practised, requires the

employment of two series of threads only. These are

respectively termed the warp and the weft, or, as the

latter is sometimes termed, the woof. The last name,

however, is an archaic form of the word. The warp
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consists of the longitudinal threads, or those which
extend in the direction of its greatest length. The
weft threads are the transverse ones, or those that pass

under and over the warp threads from side to side. The
warp threads may be of any length according to require-

ment or convenience ; the requirement being that they

shall not be less than is necessary to make the piece

of cloth long enough for use for its intended purpose ; and
the convenience being that they shall not be longer than

in the aggregate form of the warp can be conveniently

handled or dealt with in the process of weaving. The
minimum length of the weft threads is that required to

go across the warp. In practice, however, they are always

much longer, being formed into pirns, placed into shuttles

as large as can conveniently be used, and so drawn off and
left in the warp as the shuttle makes its rapid successive

passages. Thus in the cotton trade each warp thread may
be anywhere in length from 500 to 1,500 yards or even

more ; and each weft thread from 200 to 1,000 yards or

more, according to the fineness of the counts being used,

or the capacity of the shuttle to carry it.

If the almost countless methods and combinations of

methods now in vogue in weaving be carefully analyzed

they will be found capable of being reduced to a very

small number of weaves. The following are the prin-

cipal:—plain, twill, satin, spot, flash, cross-warp, and

double-cloth textures. These each and all give their own
simple results, and by combination they can be made
to yield an almost infinite variety of complex ones.

Simple and complex are alike obtained by the variations in

the order by which the threads of the warp are lifted and

depressed for the reception of the weft. This action is the

shedding process, and correspondingly the means em-

ployed to produce the effects rise from the most simple

to the elaborately complex shedding power of the modern
Jacquard machine. The fact also ought to be noted here

that this capacity for producing variety is enormously
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increased when allied to the power given by the use of the

system of multiple shuttle boxes of either the rising or re-

volving order.

The plain texture may be regarded as the foundation of

all others, and therefore first calls for description. Let

the student obtain and examine a piece of common calico,

the coarser the better for his purpose, only taking care to

obtain it of the full width. Examination will show it to

consist of two series of threads, longitudinal and trans-

verse ones. It will be observed that the warp threads lie

parallel to each other in

a common plane. The
weft threads, it will be

seen, intersect those of

the warp, passing under

and over them in alter-

nating succession. Fig.

23 shows this construc-

tion plainly, the vertical

threads, A, b, being warp
threads, and the hori-

zontal threads 1, 2 being

weft threads. The de-

tached portion of the

figure at the top is a sec-

tion, enlarged a little to

show the construction clearly. The student's sample will

show the manner in which the weft threads are returned

at the edges, the cloth making what is termed the sel-

vage. In the actual process of construction the warp
threads are maintained in a more or less tense condition,

so that they are taken into the web of the cloth appa-

rently in a straight line. But this is not actually so, as

there is always more or less deflection into a more or less

waved form, according to the thickness of the weft thread

heing inserted, and the degree of tension upon the warp.

A similar deflection occurs in the weft threads, and when

B A B A B A B A B A B

Fig. 23.
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the giving way in this respect is mutual and about equal,

the two series of threads are bedded together in the best

manner. At the option of the weaver, and according

to requirement, this flexure may be thrown into either

the warp or weft threads. In the section given in the

figure it is shown in the weft threads.

The design of this plain weave cloth, placed

upon what is termed " point " or design paper,

would appear very much like the squares of

a chess-board. It is shown in fig. 24. Let

it be assumed that the warp threads are white,

and the weft threads black, and that the former

run in a vertical direction, and the latter in a

horizontal one. In the intersection of the threads which

this represents the white squares show where a warp
thread is uppermost, and the black squares where the weft

DIDIDHD
DIDgoiDI
DBDBnBODBCBG*
SDBDBGHD
OAQBOHQ
Fig. 24.
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Fig, 25.-- Shaft of Healds (beoken).

thread is on the top, and the warp thread down. The order

of this alternation shows a plain weave, in silk weaving
called a " tabby."

To obtain this result the weaver requires to have a

certain control or command over the threads of the warp,

in order to depress or elevate them in the manner re-
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quired. This lie gets in his shedding apparatus, the im-

mediate instrument in this case being the heald, into

which the warp threads are drawn.

The heald or heddle is composed of a cord formed of

several strands of cotton, worsted, linen, or silk,

but those used in the cotton trade are now in

the main made of cotton, though still occa-

sionally of worsted. A shaft of healds is shown
in fig. 25, and a section of a set for weaving
plain cloth in fig. 26. Healds are made upon
a beautiful automatic machine exceedingly in-

genious in construction, but space for a descrip-

tion here is not available. The eye in the centre,

and through which the warp thread is drawn, is

knitted into it when being made. The eye is

formed of what is termed a mail, which may
be made of steel, brass, or glass. The knitted pIGt 26.

eye is, however, the form in almost universal

use in the cotton trade. These healds are mounted
upon and stretched between two wooden laths, as shown
in fig. 25, to the number of from 200 to 700, or more,

according to the fineness or width of the cloth to be

Fig. 27.—Reed. Section.

woven. So mounted they form a leaf or shaft of

healds or heddles, and a number of these, from two to

ten, or even more, constitute a set of healds, the number
of shafts varying according to the character of the weave
intended to be employed. Two are all that are really

required for a plain weave, but owing to the greater

facility obtained in the way of condensing the warp, or
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bringing its threads together, and minimizing friction

upon the warp when being woven, four are generally used.

Fig. 26 shows this arrangement. The two front leaves

ascend and descend in the shedding together, and the two
back ones in a similar manner alternate with them ; that

is, when the front ones are np the back ones are down, and
vice versa. The draft or order in which the threads are

entered into the healds is as follows, reckoning from the

front or the shaft of healds nearest the reed of the loom,

and commencing on the left-hand side of the healds :

—

the first thread is drawn in the heald on the first shaft,

and the second thread npon one in the third shaft ; these

two threads go together into the first dent or space in the

reed ; the third thread is taken into the first heald on the

second shaft, and the fourth thread into the first on the

fourth shaft. This order is repeated and continued with

the remaining portion of the warp until it is all drawn in.

It is usual, however, in commencing the draft to draw-

two threads through each heald instead of one, for the

first dozen healds or so, and to finish off in the same way.

These double threads are called selvage threads, properly

self-edge threads, and are purposely made stronger by
doubling to resist the drag of the weft upon them, as it is

returned into the shed. Sometimes the two outer threads

are made threefold, and again, in very good fabrics, special

selvage threads are introduced of twofold twisted yarns.

At this point it will be appropriate to describe in a very

brief manner the reed, the ever-present adjunct of the

healds. It is so named from having been originally com-
posed of split reeds, the vegetable product of that name.

It is now made of iron or brass, but mostly of the former.

Wire of the required gauge is rolled and flattened to

proper dimensions, highly polished, and run on a reel. It

is then transferred to a reed-making machine, another of

the wonderfully ingenious machines, adjuncts of the textile

trades. The reed machine is furnished with the parts of

the reed termed the reed back, composed of two strips of
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wood each for the top and the bottom. The machine is also

supplied with two reels of pitch twine. Being set in

operation, a strong or terminal dent is first put in, when
the machine begins to cnt the flattened wire into short

lengths, and to place them successively in position with

their ends between the two pairs of strips forming the

backs. When one of these short lengths, or dents, as they

are called, has been pushed forward, it is immediately

secured in position by the machine wrapping a turn of

the pitch-band close up to it around the two strips.

Another strip is then advanced and the operation repeated,

and so on until the reed is made of the required length.

It is then finished off with another strong and broad dent.

Fig. 27 gives an illustration of a front view and section.

The more openly these dents are set in the reed the

coarser or lower are its counts ; and the closer they are

the finer it becomes. This is all that is necessary to state

in this place regarding it. The remainder will be more
properly told in another section.

Before leaving this point, we may observe that since

writing the above, the author has been informed by a textile

expert that, in his young days, when on a visit to Ireland,

he saw the rough frieze being woven with a single shaft

of healds. This is a fact that will be interesting to the

student, as it singularly and most remarkably confirms

the theoretic elucidation of the progress of invention in

the art of weaving given in Chapter I., pages 26 and 27.

It would be highly interesting to learn whether this

primitive method is still anywhere followed in Ireland.

It must not be assumed that ornamentation cannot be

put into a plain weave cloth. There are several methods

of effecting this. The first is by making what are called

tape stripes parallel with its length. These are made by

dra wing-in the warp in double threads similar to the

manner of the selvage threads, and doing this according

to any given design. Many fabrics are made in this way,

though not so many now as was once the case. Some-
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times the effect is obtained by the rise of two counts of

yarn in the warp, fine and coarse, the latter to form the

tape. Another variation can be introduced by using two
counts of wefts and a two-shuttle loom. In this case a

cord weft is introduced for a few picks at regular dis-

tances, making a stripe across the cloth. The first-

described are termed "stripes," really parallel stripes;

the latter are called " cross-over stripes," to distinguish

them from those parallel. A further variation is obtained

by the employment of these two methods in combination.

This produces a class of fabrics termed " tape-checks." A
great variety of these can be made, and formerly they

were a very popular fabric. Another line of variation is

obtained by the introduction of cords, as seen in the

familiar instance of handkerchief borders.

It will be obvious that many other combinations and

variations in ornamentation can be made by the intro-

duction of coloured yarns in the warp and in the weft

and in both. These need not be further enlarged upon, as

an almost endless number will suggest themselves. The
whole class of ginghams are types belonging to this

division.

The Plain Weave.

A more technical exposition of the various weaves may
now follow : the plain weave naturally comes first. Let

the reader bear in mind that all the black squares in the

design and weave plans given in this weave and its varia-

tions show weft intersections in which the weft rides upon

the top of the warp threads ; and that the blank or white

squares indicate that the warp in that position is upper-

most, and the weft below. If the weft did not interlace

with the warp in this manner all would be blanks and the

formation of a woven fabric impossible.

Fig. 28 gives the design as already explained. This

consists of two warp and two weft threads crossing each
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other at right angles. In coarse, open cloths, such as

canvas, etc., two heald shafts would be sufficient. The
draft or weave plan, which means the order in which the

warp is diawn into the healds, would then be represented

in A. The numbers on the right-hand side indicate the

draft of the warp threads through the healds on the shafts

in the order of their arrangement ; and the figures at the

bottom show the order of the weft picks. As explained

before, where a great number of warp threads require to be

dealt with, and concentration is necessary, as in fine cotton,

worsted, and silk fabrics, four, six, or eight heald shafts

are introduced in order to secure a better distribution of

the warp threads, thus diminishing the crowding, reducing

Fig. 28. a. b. c. D. E. F. G.
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Plain Cloth, with the Design, Weave Plans, and Variations.

the friction, and lessening the breakages of the threads

that would otherwise occur in the weaving of closely com-
pacted fabrics. In these cases the drafts B, c, and d would
represent respectively the use of sets of healds of four, six,

and eight shafts, and the order of warp drafts for them.

In such drafts the shedding is easier as the threads pass

each other with less friction, and both yarn and healds are

opened more easily to take up broken threads when these

occur.

Whilst two, four, six, or eight shafts are commonly used

for plain cloth, any even number will give the same result,

providing the warp threads are drafted in consecutive

order, and the odd numbers of the shafts can be lifted

together for one shed, and the even numbers together for

the alternate one.

Some observations have already been made upon the
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methods of ornamenting plain cloths, and a few more may
be permitted, as it is quite a mistake to suppose that the

plain weave is incapable of yielding ornamentation. It

has been shown how tape stripes and checks, both in plain

and coloured goods, can be produced. These will yield

some very effective patterns for muslins and light zephyrs,

whilst mock gauzes, in which a series of reed dents are left

without warp threads, form another interesting class in

plain weave fabrics, the beauty of which can be further

enhanced by the introduction of coloured yarn.

The draft e shews a warp cord, and the draft F a weft

cord or rep. The thickness of the cord in the warp may
be carried to any extent by increasing the number of

threads that form it, or it may be obtained by introducing

a second warp of coarse yarn. The weft cord, or rep, by
introducing catch cords at the selvages may have any
number of picks put into one shed, and these can be

bound down by one or more picks in the alternate shed.

Of course in the power-loom this implies the introduction

of an intermittent shedding arrangement. As in the warp
cord so in the weft, coarse and fine counts may alternate

to give the effect. By a combination of warp and weft

cords squares of basket figures or checks can be produced

in endless variety, which make not only useful but beauti-

ful fabrics. A plain weave also forms a secure basis or

ground for Jacquard figures.

In the interweaving of coarse and fine yarns of warp
and weft it is necessary to exercise judgment and care in

proportioning the quantities, and particularly in cord

effects.

Calicoes and nearly all ordinary plain cloths are woven
with what is technically called a skip-shaft draft. This is

shown in the draft G, which has been explained before.

The four heald shafts rise and fall as if they were two
only as will be seen on a glance at the marginal figures.
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The Three-Shaft Twill.

The three-shaft twill next comes under notice. This

weave is known by many names, such as drill, regatta,

Jean, Jeanette, Llama, etc. It is the first departure from

the plain weave and is the simplest weave after it. It is

worked, as its name indicates, by three shafts of healds

which work independently of one another, rising and

falling in regular sequence in the order of their arrange-

ment from the front, 1, 2, 3,v l, 2, 3, in continuous repe-

titions. Its effect is to throw^ up distinct ridges of weft

that run diagonally across the cloth, ascending from left

to right. This is caused by the weft always passing under

Fig. 29. Fig. 30. Fig. 31. Fig. 32.
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B. C. D.

The 3-Shaft Twill, with Designs, Dkafts, etc.

two warp threads and then over the next, as shown in the
design (fig. 29) and its draft, A. It would appear from a
casual glance at the design that it would not admit of
much variation. It is, however, capable of considerable
ornamentation, as is shown by the succeeding designs
(figs. 30, 31, 32). Their respective drafts accompany them.
In fig. 32 an alternative draft is given. A very bold twill
figure, the diagonal rib, can be obtained by the employment
of heavy yarns, and a fine effect by the use of fine yarns
and closely set reeds. This twill is extensively used for light
fancy lining cloths, and it generally forms a base for thick-
sets, velveteens, cords, and heavy fabrics. As a simple form
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of decoration, without colour, it is one of the most useful

weaves in the whole list for diaper, herring-bone styles,

and other goods. When employed in the woollen trade it

is sometimes called the prunella twill, and it is known in

the Bradford worsted trade as the Llama twill. By
introducing coloured yarns and arranging them one and
one, say black, blue, and white, the diagonal stripes may
be crossed and form a series of checks or hair lines, giving

a result that cannot be obtained from any other twill weave.

In design, fig. 30, is shown an alternated reversal of

the weave, forming what is called a herring-bone twill, from
its supposed resemblance to the backbone of that fish. The
next design (fig. 31) shows a transverse herring-bone; that

is, the former design is made to have its line of direction

across the cloth instead of, as before, along its length.

Design fig. 32 is a diaper, its plan and draft being given

in D. Weave plan E is that of a double twill, by which dis-

tinct colours can be obtained on each side of the fabric ; for

instance, with a white warp and a brown weft the warp
would be thrown up, giving the fabric a white face, whilst

the weft being thrown down would give a brown back.

This may be regarded as a mock double cloth in which the

backing is weft.

The examples given will show that this weave may be

made a very useful one in the weaving-shed if a little

judgment be exercised in its application and in the selec-

tion of suitable materials and colours. With these aids a

great number of excellent effects may be obtained from

this apparently comparatively inflexible weave.

In extensive designs of floral treatment, or other figures,

this twill forms a good firm ground as a binder of either

warp or weft threads.

In plain cloths it was stated that the yarns used in

making them gave the best effects when the twine or twist

was in the same direction, because yarns thus constructed

imbed themselves better in each other, and so produce a

more level and closely compacted cloth, which is the
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object sought. In twills, on the contrary, the . develop-

ment of the figure is a principal object sought, therefore

the angle of direction of the twill should be in opposition,

and not coincidence, to that of the yarns used in order to

prevent the bedding effect of the alternate course, and so

help to develop a clear and bold effect in the line of the

twill.

The Four-Shaft Twill.

The next step brings before us the four-shaft twill. It

must be borne in mind that every step forward made by

the addition of another leaf of healds gives increasing

capacity of figure production to the weaver, enabling the

weaver, to borrow a metaphor from the church belfry, to

ring an additional number of changes upon his instrument,

the loom.

The four-shaft twill is variously known as the cassimere,

kerseymere, serge, blanket, florentine, swansdown, crow,

etc. It is in almost universal use in the weaving world,

entering more or less into the composition of fabrics of

every known textile fibre. It can be adapted to any counts

of yarn and produce satisfactory results. In the fustian

trade it is extensively used for plain-backed Genoa velvets,

velverets, thickset cords, and an endless variety of patterns

for suitings, trouserings, etc., in woollens, worsteds, fine

hair lines, warp face figures, etc. It is impossible to

enumerate in any reasonable space all the changes that

can be made by the weave and draft of a four-shaft twill

either alone or in combination with other weaves. The
examples given herewith will, however, serve to point out

to the student a portion of its capabilities, and indicate

the lines upon which he may develop others for himself.

The first design shown (fig. 33) is the ordinary dispo-

sition of this twill as seen in its common use. It is

accompanied by its weave plan and draft, a, as usual. In
the next (fig. 34) is shown the herring-bone or ticking

I
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stripe, a design much used in making bed-ticking and

pillow-case fabrics. The draft is shown at B, the weave

being the same as A,

The next design (fig. 35) shows a check formation

which may be extended to any size by repeated drafts and

Fig. 33. Fig. 34. Fig. 35.
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Fig. 37.

BGHGBGGB 4
GBGaaaa 3
GGBBGaa 2
BBGBGBG 1

Fig. 38.
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DDK
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obggGGQ

Tiib 4-Shaft Twill: Designs, Weave Plans, and Drafts.

threads. The weave plan appears in C, whilst the draft

is a repeat of b, fig. 34. Many beautiful effects can be

produced by this weave and method of drafting.

The following design (fig. 36) is one for a diaper

cloth, and its weave plan and draft are shown in d and d'.

The next design (fig. 37) is that of a double twill. In
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this the face may be made very fine, and the back be

weighted with much coarser material. It is mostly used

in cotton qniltings and mixed goods of cotton warp and

woollen wefts. The amount of material put into the

fabric will, to a certain extent, govern the application of

the rule previously laid down regarding the direction of

the twist of the yarns used. Where the warp is used in

the production of the face cloth, the same regard to the

direction of the twist is not imperative ; it is when the

warp and weft are equally balanced in counts that the

observance of the rule becomes important.

In design fig. 38 the satin twill is delineated with its

accompanying weave E. This form of twill though not

perfect, is used for the bulk of cloths having the greatest

portion of either their warp or weft brought to the surface.

The Five-Shaft Twill.

The five-shaft twill is the next on the roll. This is

used for heavy fabrics, such as drills, sateens, doeskins,

damasks, etc. In fancy diaper cloths it affords great scope

for the production of varieties. It is the first perfect satin

twill, and it yields many derivatives. Satin twills give

a peculiar angle when formed by warp threads. They
yield greater strength in the lengthway of the fabric than

most other weaves of this type. The reader must here be

guarded against the possible confusion that may arise

between the terms satin and sateen. The former is the

weave employed in making the silk fabric termed satin, in

which the weave effect is obtained by throwing the warp
to the surface, thus showing the threads running parallel

with the length of the fabric ; in the sateen weave the

weft is thrown to the surface, and the line of the visible

threads upon it runs across the cloth from side to side.

When the sateen or weft twill is used, the satin or warp
twill is simply thrown to the back of the fabric, and vice
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versa. This principle governs both of these weaves

whenever they are employed.

In the design fig. 39 is given the ordinary weave of the

five-shaft twill ; A shows its weave plan and draft.

In design fig. 40 the satin weave is given, and in b its

plan and draft.

In design fig. 41 a fancy twill is given, and in c its

weave is shown. As will be seen by referring to A (fig.

39) there is merely an additional black square introduced

and placed below each of those in the original plan. This

Fig. 39. Fig. 40. Fig. 41. Fig. 42.
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The 5-Shapt Twill Design. Etc.

Fig. 43.
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makes two each in the run where there was only one
before. An excellent effect is obtained from it.

The design shown in fig. 42 will give a very firm

weave, in which there will be no risk of the threads of the

fabric slipping. It is very suitable for linings. Its plan

appears in d.

Design fig. 43 is derived from that shown in fig. 40,

and is obtained by the introduction of another dot for each

of those in the former design. Its plan is shown at E.

All the drafts in these examples are straight-over

drafts. Numerous other weaves might be brought for-

ward to show the wide range of usefulness of this twill,

but those given are their foundations and the ones from

which they are derived. The combinations that can be
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made of these yield many interesting results, and the

exercise of developing them would be most useful to the

student.

As a ground for figured effects the five-shaft twill is

much used by designers for all kinds of silk, cotton, linen,

woollen and worsted goods.

The Six-Shaft Twill.

This is deservedly a favourite basis for almost every

class of fabric, and with colours in warp and weft will give

numerous combinations.

In design fig. 44 is given the basic arrangement of

the weave, showing equal flushing of warp and weft. The
weave plan, a, it will be seen from the figures on the

margin, is a straight-over draft.

Design fig. 45 is also a form of twill very frequently

seen ; in this there are more warp threads brought to the

surface. The weave plan, b, shows it to be a straight

draft.

The next design (fig. 46) divides the diagonal figure

into two portions, bringing a warp thread up between the

floating weft threads. In this design, instead of floating

three and sinking three, they float two, sink one and float

one. This arrangement increases the firmness of the

fabric from that of fig. 44, but sacrifices some capacity for

a display of colours. The weave plan is C, a straight

draft,

In design fig. 47 is given a variation, suitable and

in use for diaper patterns. In the weave plan, d, the draft

is shown by the figures at the margin.

Design fig. 48 exhibits a satin as made on six shafts.

The weave, e, shows it a straight draft. This is termed

one of the imperfect satins, though largely used as a

ground for figured effects.

There are numerous derivatives from all regular twills,
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producing the effect of several portions of a twill combined

in one weave. The six-shaft twill under notice affords

numerous examples, one of which, with the explanation of

its formation will suffice to show how others can be con-

Fig. 44. Fig. 45. Fig, 46. Fig. 47.
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Fig. 48. Fig. 49. Fig. 50.
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The G-Shaft Twill: Designs, Weave Plans, and Drafts.

structed. For this weave plan A (fig. 44) may be taken

as a foundation. The number for counting off determines

the number of threads to be used in each part before

changing. The number to be left out shows the number

of threads to be skipped, and also gives the number of

the thread on which the next change will take place.
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As an illustration, design fig. 49 is given. The number
of threads used in this are three for each change, whilst

two threads are left for each skip. By referring to the

figures given at the bottom of the weave plan, a (fig. 44),

the arrangement of the threads in the design can be easily

followed by observing this rule. The full repeat is shown,

F being the draft.

Design fig. 50 is another form of construction, g being

the weave plan. In these drafts the warp threads are

evenly distributed over the shafts, no shaft being over-

loaded. From a weaver's point of view, this is a great

advantage in weaving many fabrics composed of fine, tender

yarns. The number of threads used for a change may be

increased, as, for instance, a design may be constructed

from the weave plan, a (fig. 44), by counting six and
skipping two. In fact, the capability of changing is

almost inexhaustible, and offers a fine field for study to

the textile student. In every twill, whatever may be the

number of shafts, this system can be utilized with the

most satisfactory results. These remarks will obviate the

necessity of going over the same ground again in other

examples to be brought forward. They will also be found

sufficient to convey the necessary practical information for

developing new ideas and obtaining fresh and useful

The Seven-Shaft Twill.

The seven-shaft twill, which we now proceed to notice,

conducts the student another step forward in the path in

which he obtains increased capacity. The first design

given (fig. 51) is a satin, A being the weave plan. This
is a perfect satin, as we may observe, in passing, are all

satins that are formed by an odd number of threads in

the straight-over draft, or in the number required to form
a complete pattern. There are many rules given for the

placing of the wefts dots or intersections in a satin weave,
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but the simplest method is the best. This is to take the

first number after one that is not a measure of the shafts

or repeat threads. Thus three would be the first number
in seven after one, therefore this may be used to count with

as follows

:

1, 6, 4, 2, 7, 5, 3.

The dots represent the seven shafts or threads. This

gives one plan of intersections by the use of three as

a measure. But four may be used also as it is not a

Fig. 51. Fig. 52. Fig. 53.
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A. B. c.

The 7-Shaft Twill : Designs and Weave Plans.

multiple of seven, and this would give the following

arrangement

:

1, 3, 5, 7, 2, 4, 6.

Upon this principle the intersecting dots of any satin

may be found ; and on reference to design fig. 51 it will

be seen how these latter figures have been practically

applied.

Design fig. 52 is a regular seven-shaft twill, with its

accompanying weave plan, b, a straight draft.

Design fig. 53 is a derivative twill with a more vertical
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figure, obtained from the satin arrangement of. fig. 51.

Its weave plan is given in c.

The remarks made about the six-shaft twill apply with

equal force to this and all other twills, so that there is no

need to increase the number of examples, as, by following

the instructions given, any number can be constructed with

facility, whilst by combinations with other twills, reverse

drafts, and colours, the capacity for obtaining variation of

effect will be found to have hardly any limit.

The Eight-Shaft Twill

The eight-shaft twill is again richer in its effects and

variations than the preceding. In design fig. 54 is given

the ordinary eight-shaft twill, straight draft and weave

plan, A.

Design fig. 55 is a fancy broken twill, formed from the

weave plan, a, fig. 54. The draft is given in b, and the

extended weave plan in c. This example will prove a good

study for the student, because a further fresh disposition

of the draft would bring out another formation equally

useful and ornamental.

Design fig. 56 is a diaper arrangement constructed

from the v draft d, its weave plan being given in e. It

will now be quite obvious that any other eight-shaft weave
with the same draft would give further novelties.

Design fig. 57 is a satin with its weave, f, the draft

being straight over.

Design fig. 58 is a combination on eight shafts of

design fig. 54 and its satin arrangement, which will

give a stripe effect. Naturally it will be evident that the

width of the stripe can be increased by an extension of

the draft given at G. The weave plan is the same as A of

design fig. 54.

It would be quite impossible to give any adequate con-

ception of the number of changes that can be brought out
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The 8-Shajft Twill and Variations.
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from the drafts, etc., but the examples given will serve to

represent the main features. As foundation weaves they
will produce highly desirable results when wrought in

well-chosen materials.
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BBDDaDBB
BaaaDBHBl

Fig. 58.
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The 8-Shaet Twill (continued).

The Nine-Shaft Twill.

The first design given here (fig. 59), is for a satin

twill, the weave plan being given in a ; straight draft.

Design fig. 60 is one of the many forms used for

fancy weaves in either stripes, checks, or colours. Its

weave plan, B ; straight draft.

Design fig. 61 is a broken form of the twill, giving

novel effects. The draft is shown at c. This, to the

technical student, is an instructive and suggestive design,

as though, in reality, there are only nine threads, yet by
the use of the weave plan, d, their skilful distribution

gives in the design shown twenty-seven threads to the

round or full figure. This figure may be re-arranged by
the alteration of the draft. Care, however, requires to

be taken to compose the draft in such a manner that, as
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in D, the shafts shall carry an equal number of threads,

namely, 9 x3 = 27. This gives three repeats of the nine

threads to one figure of the fancy pattern. This required

care observed, a perfect joining of the pattern will be

made.

From designs such as are here given any number of

patterns can be obtained by a slight study of the draft and
weave arrangements, the essential point for consideration

being to make them neat, chaste, and beautiful, so that

when wrought into suitable kinds of fabrics, they may
prove of high commercial value.

The Ten-Shaft Twill.

This is the last of this series proposed to be given, as it

may be fairly assumed that their fundamental principles

will then have been fully treated.

The first design (fig. 62) is a ten-shaft satin, with

its weave plan, A ; straight draft. If sateens are required

to be made on any number of shafts, all that is necessary

is to bring the back of the satin cloth to the face ; that

is, to work one shaft up successively all through the

series, and the others down.
In design fig. 63, which is for a fancy fabric, the

figure is of the diagonal type, having combined with it a

Vandyke border ; b is the weave plan ; straight draft.

From fig. 63 is derived the next design (fig. 64)
with the B weave plan, and the same straight draft. In
this way it yields a broken-up effect, very useful in

woollen and kindred fabrics, or where type effects of a
similar character are required.

In the next design (fig. 65) an extension is made in

order to show the joinings of the figures ; c is the draft,

and D the weave plan. By doubling or tripling this

form of draft, a very complicated series of figures could
be obtained that would appear as if woven with a Jacquard
machine.
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Fig. 63.
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B.

Fig. 64.
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Fig. 65.
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c.

GBuBB.-;UBa«B-iuB«^B|_jB
BGBGBBGG|aGGBBGBGlBa

The 10-Shaft Twill, etc.
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The exigencies of space preclude any further exposition

of this phase of the subject. That already given con-

stitutes a sufficient guide for the development and treat-

ment of all designs capable of being made upon any shed-

ding mechanism or apparatus in use, with the exception

of the Jacquard machine, which requires a special descrip-

tion. The changes capable of being developed and

wrought by the adaptations and combinations of the weaves

and drafts already given are almost infinite, and if

executed with knowledge, skill, and taste will prove of

considerable monetary value.

In larger designs, such as damask figures, the satin

weaves act as binders ; or the ground may be warp satin,

and the figures weft or sateen twills. In these classes of

goods two colours are generally used, unless they are

fabrics intended for bleaching. One colour is used for

the warp, and another for the weft. The ground is

preferentially obtained by a weft effect, as the figures

stand out more boldly when constructed of a warp satin.

Hence all the threads composing the figure effects will

have the twill running lengthwise of the cloth, whilst the

ground twill, composed of the weft, will run across.

Throughout the preceding remarks, it has been endea-

voured to expound the principles of the various weaves
and their combinations from a practical standpoint, in

order that no difficulty might be encountered by the

student in at once making a practical application of them.

Double and Multiple Cloth Weaving.

The student of the textile arts who is only familiar

with the plain calico weaving which is so extensive in the
cotton, will learn, perhaps with surprise, that double cloths

are commonly made in some districts, and that triple

cloths are occasionally made, whilst manifold cloths can
be made in very ordinary looms with some little extra
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adjuncts. In order that the student may in some degree
be equipped for and prepared to meet all requirements

that may be made upon him, some description of these

modes of procedure may now be given.

A true double cloth is really two cloths woven at one
operation in the same loom. They may, when removed
from the loom, be perfectly separate, or combined at one

or both sides, or may adhere to one another more or less

closely by connecting threads, or be so closely interwoven
with each other in that manner that only persons with

some technical knowledge really could know the true

nature of the fabric. The two cloths may differ in pat-

tern, in fineness of material, and even be of materials

quite different from one another in their origin, mode of

construction, and the weave by which they are put together.

Two, three, or even more pieces of cloth of the width of

the loom might be woven together, and being united at

the sides when taken from the loom would open out into

one wide sheet, three or four times the width of the

loom in which it had been produced. Or two widths

might be made together and joined at each side, when the

fabric would be a cylindrical tube if opened out. In

weaving this it might be interwoven at given distances as

required, and being cut across at these, the cut lengths

would form seamless bags. Many millions of these, popu-

larly called " mutton bags," are made in Lancashire for

the Australian and New Zealand frozen meat trade, each

bag being of sufficient dimensions to receive the carcase

of a sheep.

When double cloths are made reversible they have

either two warp or weft faces. When extra weight is

required, as in most woollen fabrics, and in some cotton

ones, as quiltings, a backing of coarser material, either in

the warp or weft, may be attached to the face cloth by

what are termed stitching threads, which may be more or

less in number, according to the degree of attachment

required. In many cases fabrics are thus made three and
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even fourfold, not only for obtaining a fine face, strength,

warmth, or weight at a low cost, but for getting strange

effects and fancy figures by making the cloths inter-

changeable. Of course when double cloths are produced

the maker is endeavouring to meet some distinct require-

ment, and it is in this way that tubular fabrics, hose pipes

and sacks have been produced.

The fundamental principles of these peculiar weaves

are simply and clearly stated, and may be easily under-

stood by an examination of the following weaves, in which
the dots represent that the heald shaft, and consequently

the warp thread is uppermost. The figures at the foot of

the weaves show the picks of weft, and those at the side the

order of drawing-in the warp threads on the heald shafts.

With a warp in two colours, and a pattern two white and
two blue threads, the white portion of the warp would be

on the first and second shafts, and the blue on the third

and fourth shafts. If this pattern was woven with

one shuttle, and with the skip-shaft draft of the plain

weave given at the opening of these weave expositions,

in which the first and third threads would be taken for

the first shed, and the second and fourth for the alternate

shed, only a single cloth would be formed having a stripe

pattern. But by the use of two shuttles, one containing

white and the other blue weft, with the weave shown in

fig. 66, two separate cloths would be obtained, one all

white and the other all blue. The explanation of this is

as follows :—On the first pick with the blue shuttle a shed

is formed for its passage by the whole of the white warp
being lifted above the shuttle-race, and one-half of the

blue warp as well. The blue pick taken through the shed
by the shuttle gives one-half of the blue cloth ; on the

return passage of the blue shuttle in the next shed the

blue cloth is completed, without mixture with the white
warp, because the whole of the white warp is still kept
up, whilst the second half of the blue warp has been
lifted, and the first half sent down, as will be seen by the

K
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blank square on the second pick of the figure. In the

next movement the white shuttle comes into work. The
third pick is now made, all the blue and one-half of the

white warp being sunk, whilst the shuttle makes its pas-

sage, the other half of the white warp being kept up to

form the shed. This pick of the white weft gives one-

half of the white fabric, and when the white sheds have
changed their positions, and the return pick of the white

shuttle is made, the white fabric will be completed, and
two separate cloths, one blue and one white, will have
been formed.

If one shuttle only had been used with the above weave
the cloths would have been united at the selvages, and a

tubular fabric would have been made. It is in this manner
hose-pipe, lamp-wick, tucks, bags, etc., are formed. By
the addition of a second set of four-heald shafts, making
eight shafts in all, and having each coloured warp upon

one distinct set, squares for vestings, fancy dress goods,

bed-spreads, etc., can easily be developed. All that is

necessary is to enlarge upon the weave (fig. 66) just

given. Though in the last illustration two shafts were

allotted to the blue warp and two to the white warj),

there is no reason why ten shafts, or any other number,

should not be used for one warp and an equal number for

the other, or three, four, or six sets might be used for as

many coloured warps and wefts. The principle would be

the same, and these are merely adduced to partially show

its capacity of application. The different sizes of squares

depend upon the number of repeats of each colour over

its own set of shafts, and the corresponding number of

treads of the warp and passage of the same coloured

shuttle until the square is completed. This done, another

set of shafts having another coloured warp with its corre-

sponding coloured shuttle is brought into operation.

The weave given in fig. 67 is one for two colours, blue

and white, or any other two, warped end and end and

drawn in as shown by the marginal figures ; the draft on
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each set of shafts being repeated to the extent necessary to

get the required dimensions, and the treads of each sec-

tion picked over for a corresponding number of times of

blue and white shuttles, alternate squares of blue and
white double cloth will be formed.

Fig, 68 gives a double twill cloth, the weft twill being

Fig. 66. Fig. 67. Fig. 68. Fig. Fig. 70. Fig. 71.
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Fig. 72. Fig. 73. Fig. 74. Fig. 75. Fig. 76. Fig. i t.
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Fig. 78. Fig. 79. Fig. 80. Fig. 81.
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Fig. 82.
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Fig. 83.
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DBBDBD*

Double Cloths : Weaves, etc.

inside the cylinder cloth that it forms. The figures on

the margin show the draft, and those at the bottom the

threads. This is the three-shaft twill.

The next design (fig. 69) is the four-shaft twill double

cloth. The weave given in fig. 68 is also used for this

when employed for bags and tubular fabrics.

The next (fig. 70) is a weave that will produce three
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cloths in a loom of, say, thirty inches wide, that when woven
and opened out will be ninety inches wide, or three times

the width of the loom. We commend it to the attention of

young students.

If the next weave (fig. 71) had a warp of three colours,

warped thread and thread of each in alternation, say

brown, bine, and cream, the weft to be picked one pick of

each colour in succession, then three fabrics each of a dis-

tinct colour would be produced.

Fig. 72 is the same as the last with the variation of

requiring only that two threads of each colour shall go

together and two picks of each coloured weft be used

to correspond. This does away with the necessity of

using the pick-and-pick loom as three boxes on one side

would do the work.

The next (fig. 73) worked on this principle will give

four pieces of plain cloth, each two shafts producing

a separate piece of cloth. This system may be carried to

any extent, but its principal value lies in the fact that, by

the introduction of a stitching thread, the whole four

fabrics may be made of any thickness and be bound into

one solid cloth. Such cloths if made in woollen might
be felted, and of course would contain three or four times

the quantity of material as the case might be.

To attempt the exposition of the principles in the fullest

detail, and to give minute particulars of the constructions

of double cloth fabrics, would require a volume for the

task, and which, it will be obvious, cannot be given. A
few examples of the system adopted in ordinary practice

for backing cloths must suffice.

For backing a twill face such as is given in fig. 74, a

suitable backing would be that shown in fig. 75. The
first step is the face (fig. 76), and fig. 77 shows the

back; fig. 78 gives face and back cloths combined; fig.

79 shows the face warp up to admit the back pick, and

fig. 80 the back warp down to admit the face pick.

In these several figures a complete analysis of the
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method of backing a cloth is given, and it illustrates the

principle upon which all such fabrics with a twill face are

constructed. The crosses in the design show the position

of the stitching or back points all through. A close study

of these figures will thoroughly reveal the operation. The
point to be determined is whether the stitch is to be

obtained from a plain or satin weave. The method of

obtaining the intersecting points of any satin weave has

already been given, and the rule can be applied to double

cloths. But the face weave, of whatever kind it may be,

must always govern the back weave, because the face

weave may have to be repeated in such a manner as to

make it a measure for the back weave. If the flushing of

the weft is somewhat long, the stitching must be got as

near to the centre of the float, or flush, as possible, and
with the face pick going immediately before and imme-
diately following it. To illustrate these remarks fig. 81

is given, which is a five-shaft twill ; and fig. 82 shows the

repeat, so that it may be stitched with a ten-shaft satin

plan. An examination of the two figures will show that

the stitching is equally distributed, the face pick preceding

and following the stitcher. The principle of the matter

is in the count which the backing or satin weave must
give. In figs. 82 and 83 it will be seen that two is the

count, beginning from the left-hand side, and this counting

follows the angle of the twill.

The best practice in laying out for fancy double cloths

is to design the face twill or figure separately, and should

it require a warp back the vertical spaces in the design are

left vacant if the backing is one of face and one of back
threads ; if two face threads to one of back, then the design

would be for the face weave two vertical rows dotted, and
one row blank, and so on in this order through the design.

If a weft back is required, then the transverse rows are

left vacant according to the disposition of the weft picks.

After duly considering a face cloth design, a suitable

backing weave is drawn out on separate design paper.
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This gives a complete idea of the upper and lower surfaces

of the cloth, and the backing weave is then run in on the

vacant spaces left in the face design. It may, and does

often, occur that many designs are so peculiar that it is

difficult to devise a proper backing weave for them. In

these cases an irregular satin twill will often be found
useful. It is of no moment how irregular the stitches

may be if they do not show on the face cloth. Judgment
must, of course, be exercised to prevent such blemishes.

If the illustrations herewith given are carefully studied,

they will be found to afford a sufficient exposition of the

principles involved in the construction of double cloths,

and the practice of them will make an expert.

Crimped Cloths.

In fancy woven goods a crimped effect can often be in-

troduced with great advantage to embellish the fabric. It

contrasts very effectively with any other weave with

which it may be combined, and gives ornamental results

that cannot otherwise be obtained. At the time of writing

this (1893), and for some while past, it has been highly

popular as a component part of fancy woven fabrics.

In order to get the best effects, it is necessary to care-

fully consider the various combinations forming the fabric.

A certain relationship that is unchanging, and that gives

the maximum of beautiful effect, always exists between

the different weaves when used in combination, and it is

for the textile artist to discover and employ this in pre-

ference to the other dispositions not so good. The chief

point to be regarded is the careful handling of the plain

weave upon which the crimped effect is to be placed.

The portion of the warp to be devoted to crimping, must

be run upon a separate beam, for the reception of which

provision must be made in the loom. This beam, which

we may term the crimp beam, must be very lightly
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weighted compared with the other, in order to permit the

slay, when beating up the weft pick, to draw the warp from

the crimp beam into horizontal ridges, as it is woven.

The warp upon the other beam must be kept in a state of

tight or high tension, as this is required, and also gives a

better contrasting effect.

Fig. 84 shows a combination weave of satin, plain, and

cord. As far as designing any weave is concerned, it is

comparatively simple. Ribs of different widths may be

constructed, and various arrangements of colours adopted

at will. The greater the number of weft picks put in, the

Fig. 84.
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Crimped Cloth,

better will be the result. Fancy twills, or figure develop-

ments, may take the place of plain stripes.

In fig. 84, a shows a six-shaft satin stripe face effect

;

B the plain or crimped stripe ; and C the corded stripe.

Any number of ends may be drawn on each set of shafts,

but it is advisable not to unduly extend the width of the

various stripes, but to keep them in a proper proportion

to each other.

The principle of the construction of these cloths is here

pointed out, and all that is required further for the pro-

duction of very saleable and popular fabrics is taste and
judgment.

Cords, Velvets, Velveteens, Plushes, Moleskins, etc.

The term velvet, though properly belonging to a silken

fabric, is now also generally applied to fine cotton fabrics
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made in imitation thereof. The pile of silk velvet is

made from the warp, that of all cotton imitations from
the weft. To be correctly described, the latter should be

termed cotton velvets, to distinguish them from the

heavier makes of the same class of cloths which are

usually termed velveteens. Silk velvets are always made
by the insertion of wires into the shed of the warp, either

by the hand of the weaver or by automatic mechanism. In

many cases these wires are formed into a knife-blade at

one end, so that as they are withdrawn from the other

they cut the pile ; in other cases the plain wire is used,

and the pile cut afterwards. Worsted velvets and plushes

are formed in the same manner. Cotton velvets, velve-

teens, and other cotton-pile fabrics, are made differently,

the pile always being formed by the weft, and for this the

wire is not applicable. After these goods are woven the

pieces are subjected to another process, that of pile-cutting,

in which, either by hand or machine, the pile is cut in a

direction parallel with the length of the fabric, in this re-

spect also differing from the silk fabric, where the cutting

is in the direction of its width. Dressing, dyeing, finish-

ing, and making-up complete the goods for the market.

In the classes of cotton fabrics named above there are

numerous varieties, but the examples given below are

selected from the best in general use to-day, and will

serve the requirements of illustration at present, which is

simply to show their principles of construction, and that

they belong to the division of double cloths.

Our first illustration (fig. 85) is of a tabby or plain-

backed velvet ; it is made on six shafts, with a straight

draft, and eight picks to the round.

Our next (fig. 86) is a weave variation for velveteen,

made on six shafts, and with nine picks to the round.

The third (fig. 87) is also a velveteen made on six

shafts, with twelve picks to the round.

Fig. 88 represents a very popular class of velveteens,

made on six shafts, with twelve picks to the round, con-
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taining 1,860 threads in 80 inches of width, equal to

62 warp threads in 1 inch. The warp yarn is 16s or

18 s
, the weft counts and number of picks according to re-

quirement, this being generally a given weight per yard.

The next (fig. 89) is a velvet with a jean back. The
weave shows how the pile and the stitching threads are

put in, which will convey a good idea of the construction

of this class of fabrics. The twelve shafts on which it is

made are numbered on the margin of the plan ; the treads

or weft picks at the bottom from 1 to 21. The pile

or weft face is formed by six picks and the stitching

thread, binder, or back, as it is indifferently termed, is the

seventh tread or pick ; then follows another six picks for

pile, which brings us to the fourteenth, forming the second

stitching or binder pick tying the face and back together j

and, lastly follows six more pile picks and one more stitch-

ing pick, completing the round of twenty-one picks.

Thus, it will be seen, eighteen pile picks are used, with

three jean twill picks for binder and back, which gives a

proper and proportionate construction. The ordinary four-

shaft kerseymere twill could be used for the back, but if

six picks of pile weft were put between each pick of the

twill back, twenty-eight picks to the round would be re-

quired, as in all backed cloths ; whatever may be the

weaves used for the back and face they must work in

harmony with each other throughout the round, or the^

result will be imperfect.

Fig. 90 exhibits a ribbed velveteen, made on eight

shafts, straight draft and ten picks to the round. This

requires good yarns, uniformly cylindrical, to make a

neat fabric, because the rib is formed from them.

Coming to the cords, which constitute another class of

heavy cotton goods, kindred to the latter, the first speci-

men is given in the design of a thickset-cord (fig. 91),

the least in size that can be constructed. The pile forms

two separate cords, and in the cutting process the cutter

runs his knife between the threads Nos. 2 and 5 (see the*
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numbers on the margin of the design, fig. 91). In the

construction of the fabric a tube or longitudinal cell is

formed to admit of the cutting process, and to separate

the pile into the lines which form the peculiar feature of

cords. The back of this example is constructed in the

same manner as a velveteen, being composed of two single

jean twills. The best reed in which to make it would be

a 36s Stockport count, and a 14s single warp, with suffi-

cient weft picks to give a weight of 10 ozs. per yard.

Fig. 92 is a seven-shaft cord, the draft of which is

given in figures on the margin.

Fig. 93 is a double jean round top cord, eight shafts,

sixteen ends draft, and ten picks to the round.

Fig. 94 is the analysis of a cable cord on twenty warp
threads.

Fig. 95 is the reduction to ten shafts, draft on the

margin ; twelve picks to the round.

Fig. 96, with the draft a, will produce the hunter's

cord. It is made on eight shafts, with a thirty end draft,

which is given in A, and six picks to the round. With
this design and draft fancy cords with stripes of various

colours can be made with the greatest facility. With
twenty-four dents per inch in the reed, 16s warp, three

threads in a dent, and sixty picks per inch of 14s weft,

an excellent fabric will be obtained.

In fig. 97 a variation of the hunter's cord is given,

known as the " Bedford." This is often produced in

woollen and worsted. It differs in its construction from
the modern ladies' dress-cloth which has usurped its

name, It is made on ten shafts, with a thirty-six end
draft, given in b, and six picks to the round. Good useful

cloths are made in it by using a 30s reed, with three, five,

and six threads per dent, and 29 inches wide.

A great variety of weft and warp cords might be
brought forward, but the principal having been given
they will suffice for the purpose, as it is not difficult to pro-

duce others by changes of material, weaves, and drafting.
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Plush is a pile fabric having a longer pile than velvet

or velveteen It is of two kinds, warp and weft plnsh.

The former is made by the same means as silk velvet, cut-

pile carpets, etc. The pile is formed by the insertion of

wires, and cut by their withdrawal. The loop plushes, of

which the familiar Brussels carpet is a type, are made in

the same way, but the pile is not cut, as the wires are not

armed with knives. Weft plush is made by merely ex-

tending the length of the pile of velvets and velveteens.

It is made by the same weaves. The ground may be

either plain or twilled. When woven it is cut in the

same manner as velvets and cords, and dyed and finished

as they are.

In making these goods it is best to use the sateen dis-

Fig. 98. Fig. 99.
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Velvets, Velveteens, Cords, and Plushes (continued).

tribution of the stitching or binding threads, as regular

courses are thus ensured for the cutter's knives. Fig. 98

gives a plush on eight shafts with a straight draft, two
weft picks, plain weave for binders to form the back, and

eight plush picks.

Fig. 99 is one on ten shafts, straight draft, and twenty

picks to the round, five of which are used to form the twill

back.

For seal or other imitation skins, fancy coloured mottled

yarns are used, and, if necessary, a greater number of

shafts with more extended drafts are brought into use, but

the principles of construction are the same throughout, and

this being the case further examples need not be given.
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Gauze or Lena Fabrics.

We now come to the exposition of a weave which,

differs in its principle from any that have gone before,

and constitutes the fabrics into which it is introduced, a

class by themselves. In all the preceding weaves, how-
ever intricate the patterns are or may be made, one prin-

ciple underlies them all ; the warp and weffc threads are

arranged in their respective parallel orders, and more or less

close together, according to the required density or open-

ness of the fabric to be constructed. This order is also

maintained in gauze or leno weaving, two
names which are indifferently used to de-

signate the same thing. The point of *

difference arises in the manner in which

the intersections of the threads are made. «

Instead of the intersections being, as be-

fore, between the warp and weft threads, o

they are made entirely between the warp
threads themselves, and bound in position

|

by the weft threads. This is shown in the

following illustration (fig. 100). There "*^°
are two warp threads, A, b, and four Fig. 100.

weft threads shown. Let the student

take the thread A, and examine its relationship to the

weft. It will be found that it passes under every one

of the four threads of weft. Now take the thread B,

follow its course in the same way, and it will be found
that it passes over every one of the four threads of

weft. In all ordinary weaves with such an arrange-

ment of warp and weft threads, there being no inter-

sections between the two series of threads, there would
be no fabric. The intersections, however, have been

removed from the weft and transferred to the warp, and
take place amongst the warp threads themselves, and only

amongst them. It will be observed that the warp threads

tr
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cross one another in the spaces from right to left, and left

to right alternately. But even here they are not like the

intersections of the ordinary weave : in making these

crossings they never go under and over each other, as do

the threads of warp under and over the threads of weft.

They simply cross one another from side to side, the

same threads being always uppermost and always under-

most throughout their respective courses. Tt will he

obvious that mere crossings of this kind could never make
an arrangement of threads that would be permanent,

which is an essential requirement in the construction of a

woven fabric. Steps must therefore be taken to render

these crossings of the warp threads permanent. This is

accomplished by the introduction of the weft threads in

the manner shown. In the shedding arrangement the

white thread, A, is so actuated that it is depressed first on

the right of the black thread, b, and then on the left of it,

so much as to allow the weft threads, 1, 2, 3, 4, etc.,

always to pass over it. Correspondingly, the black thread,

b, is always raised to let the weft threads pass under it, it

thus coming to pass that the white thread is always down
and the black thread always up in their final disposi-

tion. The function of the weft, it will thus be seen, is to

form a binder or retaining thread, in order to keep the warp
threads permanently in the position they have been made
to assume. This passage of the warp threads across and
partially around each other, is ordinarily described as a

twisting movement, but this is not correct. The twist or

twine is mostly imperfect, as only in a few special cases

in the loom do the threads make a passage around each

other of more than three-quarters of a revolution, from

which point they reverse their movement, returning on the

track they came to the point whence they started. In the

lace machine or loom the revolution is complete, but it is

made by the weft passing completely around a warp
thread, instead of the partial twist of two warp threads.

The method of constructing gauze weaves differs con-
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siderably from that of ordinary weaves, because of certain

conditions governing the twisting of the warp threads.

A design for gauze is therefore more difficult to compre-

hend, and before attempting to construct one, it will be

desirable to briefly examine the mechanical devices for

crossing the warp threads. Without the acquisition of

this knowledge as a preliminary, it would be wasted time

investigating the construction of gauze fabrics.

In weaving gauze fabrics, or seeking to introduce gauze

effects amongst other weaves, two sets of

heald shafts are required. The first set,

called the plain shafts, a, is to produce the

ordinary weave that may be required, and
to co-operate with the gauze or second

set, which are termed the gauze healds.

The second set, for the crossing or twist-

ing operation, carry the " doup " healds, b.

Sometimes these are made with the doup
shaft at the top and sometimes at the

bottom ; both these methods are shown in

fig. 101. They have what weavers term a

double eye, or an eye or opening for re-

ceiving the warp thread below the centre

of the heald, and a second one immediately

above. This set of healds or doups in

working are always subject to a far larger

amount of friction than the ordinary healds,

and therefore require to be made of material

that will successfully resist the great friction to which they
are subject. This should be silk, or a strong and highly

finished cord that has surfaces that will permit the warp
threads to glide against them with a minimum of friction,

and consequently of wear and tear. The two sets of shafts

are, however, connected with each other by their healds, and
therefore are actually arranged in pairs. Fig. 101 gives

a good illustration of the construction of the doup heald.

The loop, e, formed by the cord, passes through the eye of
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the standard heald and carries a warp thread. This it

transfers, in alternation, first to one side and then the

other of its companion thread in the "standard" heald

which holds the doup heald. This doup, with its thread,

is the chief factor in gauze weaving. The doup cord is

shown at h, and c is the standard heald.

In draughting or drawing in the warp, in cases where
doup healds are employed, the first warp thread is drawn
in the first shaft of the standard healds, as usual in plain

cloth weaving, and then through its doup, whilst the next is

drawn through the second standard shaft directly over

the doup thread just described, both threads entering one

r£~

Fig. 102. Fig. 103.

dent of the reed. And so the draft proceeds in this

order across the warp. When the draft is decided upon,

the drawing-in follows it as given.

In fig. 102, which is the pegging plan, d is the doup,

and figs. 1, 2, the plain weave shafts. Fig. 104 shows

the first thread on the first shaft, and the second thread

on the second shaft, and so continued over the two
shafts. In this figure the doup thread is shown at A, and,

as will be observed, is passed under the threads with

which it will work, and through the loop of the doup
heald. The thread b is only drawn in on the regular

shaft, and passes through the gauze shaft between the doup
healds, without being subjected to them in any way. An
examination will show that the doup thread A, in the plain
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RegularHealds

healds, is on the left of b ; in the gauze healds it is on the

right of B. When the threads are thus arranged, their

action is always conjoined, and they are dented, or drawn
through the reed into the same space together.

In fig. 103 the weave
plan foran ordinary gauze

is shown on design paper. 4
Two of the vertical lines

constitute a representa- —
tion of fig. 102, but the re-

presentation has been ex-

tended to three repeats, 2

in order to show its ,

appearance more fully

upon paper.

To give proper expres-

sion to the character of

the gauze weave, it must
have a contrasting plain or satin weave beside it in

stripes, when it will stand out clearly and distinctly,

forming a fine lace-like ornamentation. If it is desired

to carry the ornamentation farther, the fabric can be

Gauze

8 A
Fig. 104.
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checked by a plain transverse stripe, in which case the

weave must be of the same texture as the plain weave in

longitudinal or plain warp stripe. The doup or whip-
thread, or the ground, is double when gauze is made, but
the plain weave separates them. Fig. 105 is the weave
plan, numbered from 1 to 8. In this plan No. 1 gives the

L
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action of the doup shaft, which is raised at every weft

pick ; No. 2 is the doup heald, and it only rises with one

on the fonr weft picks, 17, 18, 19, 20 ; the shafts 3 and 4
are for the plain stripe, and shafts 5 and 6 for the

ground; these weave plain for twelve picks. Shafts 7

and 8 carry the doup or whip threads, which also weave
plain for twelve picks. At the thirteenth pick they com-
bine, and are up for four picks and down for four picks in

alternation. During the time of this combined movement,
the ground shafts 5 and 6 remain down. The ninth is the

position of the slackening bar or rod, which has been

introduced to obviate the necessity of employing two warp
beams. It will be seen that it rises on the same picks as

the doup healds, No. 2, whilst the whip shafts 7 and 8

are down ; but the whip threads themselves are lifted to

the opposite side of the ground threads, giving the twist

or turn required. Of course the " reeding," that is, the

drawing of the warp through the reed, of gauze or leno

fabrics is specially considered in this case; twenty-four

threads would be placed in eleven dents in the following

order : four threads in the first dent, and the second dent

vacant ; again, four threads in the third dent, and another

dent left vacant ; four threads in the fourth dent, and two
threads each in the next six dents. The word dent pro-

perly and primarily means tooth, and here indicates the

teeth of the reed. It has, however, come to be used to

designate the spaces between these teeth, and is so used

above. The Scotch term of "splits" would be a more
accurate one. The technical terms used in the textile

industries, however, like those of nearly every other in-

dustry, require a thorough revision and clearer definition.

Yery elaborate effects can be obtained with the use of

gauze or leno healds, as the warp stripes and the checking-

can be varied to any desired extent by using a greater or

less number of threads for either the plain or gauze effects.

If gauze fabrics are compared with any other cloth con-

structions, they will be found superior in lightness of
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texture and firmness of interlacing, which is due to the

partial twist of the threads around one another, and the

firm manner in which the weft secures them in that posi-

tion, enabling the fabric to bear a great strain.

In reference to fig. 101, the draft and weave plan of

which is given in fig. 102, if the weft picks are taken in

their numerical order, it will be seen that the first raises

the doup thread to the right, and the gauze shafts will be

lifted, 1 and 2 being raised on this first weft pick. On
the second pick the doup thread is transferred to the

other side, and the shafts for this are the first and third.

The shedding for the next pick is the same as the first

;

but the doup or skeleton shaft is always up, this being

necessary for operating the doup thread by the action of

either the ground shaft 2, or the gauze shaft 3. The fourth

shaft is always down, as it carries a stationary thread, and

may be regarded as an extra shaft only. In fig. 100

the warp threads are drawn so tightly to each other, that

the weft pick cannot be drawn up very closely to the pre-

ceding pick, so that an open space is left between every

pick, and vacant dents being left in the reed to correspond

with these spaces, the gauze effect is the result.

The " warp-slackener " or " warp-easer " is a bar or

rod which separates the crossing warp from the other. It

is fixed at the back of the loom, and may be termed a

lever. In the plain weave portion it is inactive ; but

when the crossing has to be made, a connection on the

arm of this rod acts upon the doup heald, causing it to

deliver sufficient warp to prevent injury to the other warp
threads, after which it is drawn back to its former posi-

tion by a spring. This method, however, is not suitable

for more than the leno fabric in which the doup thread

passes under one standard thread only, and in those in

which the doup thread passes under more than one standard

thread at a time it is necessary to adopt the old system of

two beams, in order to diminish the strain upon the doup
thread, and the friction upon the doup healds.
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The principles and methods thus laid down are gene-

rally followed throughout gauze weaving, any departure

from them being mainly in the number of stationary

threads, around which the doup threads twine, which may
be increased as desired. Threads of different colours, or

fancy stripes, may be produced to any extent, and gauze

and figures, etc. All threads that work the same way can

be drawn in on the one doup shaft. The jacquard machine
and harness give an almost unlimited variety of figured

gauzes ; but the improvement in lace frames and their

cheap productions, have caused the most elaborate forms

of fancy woven gauzes to become an almost extinct branch

of weaving'.

Jacquard Har

In considering the weaves hitherto dealt with it will

have been seen that the warp has always been mounted in

what have been termed healds, themselves mounted upon
and stretched between two staves of wood in number
sufficient to meet requirements. A mount of healds of

this kind is termed a leaf or shaft, and the number of these

required to operate a warp are termed in turn a set of

healds. As will be borne in mind, the simplest set is one

of two leaves or shafts, advancing up to twenty or even

twenty-five shafts ; there are dobby machines will admit

in extreme requirements up to forty shafts of healds, but

the crowded state of the loom requires such a long stretch

between the last heald shaft and back rest as to prevent

their common use. Beyond these resort is had to the

jacquard machine for shedding purposes, owing to its

beautiful simplicity and great range of power. In the

transition from the preceding system to the new one the

terms hitherto used are dropped, and the set of healds

becomes the jacquard harness. The simple construction

of an ordinary harness is shown in fig. 106. The front

now only is given. It will be seen to be composed of

several parts : the first, the harness necks shown by the
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figures ; the couplings shown at the knots, e e ; the lingoes

or weights, F. The harness necks are connected to the

jacquard hooks by passing them through the bottom board

of the machine upon which the hooks rest when not in

action ; these cords are also often termed neck bands. The
couplings or knots, e e, shown above the comber board,

are a continuation of the neck twines carrying tne mails or

eyelets, d, through which the warp threads pass, as in

ordinary healds. The lingoes, or weights, upon each cord

are for the purpose of bringing the warp threads down to

their normal position after having been lifted by the hooks

in accordance with the shedding requirements of the pattern.

Jacquard harness is full, half, or sometimes otherwise

incomplete, according to the nature of the requirements in

which it is used. The harness generally in use is the full

harness, by which every warp thread throughout the tie

if required can be operated singly and independently of

the others. In a word it may be called the universal

harness, capable of doing whatever can be accomplished by
any other build or construction of jacquard mounting.

Of course, as in heald shaft shedding arrangements, in the

repeats of the pattern the corresponding threads are lifted

simultaneously.

There are, as might be anticipated, many varieties of

jacquard harness, such as the half, the gauze, the double

cloth, the pressure, etc. The half harness has every

alternate warp thread drawn in through the mail eye, the

other threads only pass through the doups and standard

or shaft healds in front of the comber board. This

arrangement is used for obtaining a certain class of gauze
effects or fabrics. The pressure harness has a given

number of warp threads drawn in through each mail eye,

which are also operated by heald shafts in order to weave
the ground of the fabric. This is no doubt a useful and
economical method of forming figures in cloth and saving
cards, but it has very serious drawbacks owing to the

excessive friction it entails upon the yarn in shedding.
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There are two plans of mounting a jacquard on the

loom, both suitable for any tie or fabric. These are respec-

tively called the London and Norwich systems, and both

have their advocates. The London system arranges the

jacquard at right angles with the harness ; the Norwich
one parallel with it. Our illustrations show the latter

arrangement. Fig. 106 shows the front row of a jacquard

harness. The horizontal lines A proceed to and are

attached to the jacquard machine hooks ; b shows the

tail cords ; C points out the knots connecting the upper

and lower portion of the harness ; d is the comber board

;

e the mail eyes through which the warp threads pass, and

by which they are lifted to form a shed ; and f, the

lingoes, or weights, which draw the mails down to

their normal position. In fig. 106 only the front row of

the cords passing through the comber board d are shown,

it not being necessary to exhibit more as all are alike.

Now if in mounting the jacquard machine on the loom it

be placed with its end to the front or at a right angle to

the harness, the mount will be what is called the London
plan, which twists the harness cords a half turn around

each other. A moment's consideration will show how this

happens, for whether the first cord is taken up from the

front right or left-hand hole in the comber board, and

secured to the front or back hooks of the jacquard machine

the cords must eventually cross each other, and the con-

stant rubbing which results in passing each other in

forming every shed, for the passage of the shuttle must be

destructive to the cords. It is said by the admirers and
advocates of this arrangement that the half twist it gives

to the harness keeps the cords better within bounds, and
that a heck or guide can be dispensed with. In the

Norwich system the jacquard machine is arranged on the

loom parallel with the harness, reed, and cloth, the strands

or cords are taken up to the hooks just in the same order

as a heald shaft with its complement of warp threads, and

when a cord breaks it can be traced at once by separating
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the entire row from the next one, which can be done

without the slightest difficulty, each row being entire and

clear of each other. This is a very useful feature, greatly

facilitating such repairs when needed.
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Fig. 106.—Jacquard Harness, Front Kow only.

A 400-hook jacquard really contains 408 hooks, the

eight beyond the nominal count being allowed for the

formation of the selvages of the cloth or other purposes.

The 400 hooks are available for operating the warp threads

in the production of the pattern across the field of the
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cloth to be made. They are, in their ultimate power,

equivalent to 400 shafts of healds, as described in the

exposition of shaft work, as this number of shafts would
be required to produce the same capacity and extent of

ornamentation.

The designer who has only 400-hook machines with
which to work out his designs is limited by their capacity

of work. To extend his designs he might require a 600,

or two 400, two 600 machines, etc. In the case of the 400
machine, however, the comber board and the arrangement

of the hooks may be taken to be eight holes across, and
fifty holes in its length, with every harness cord direct

from the mails through the comber board and on to the

hooks in the machine, without crossing or chance of coming
into contact and causing friction.

The number of holes in the comber board are regulated

by the number of threads per inch in the warp, and the

function of the comber board is to prevent the harness

cords becoming entangled, and to maintain such an orderly

arrangement amongst them as to permit of easy working

:

in fact, the comber board is simply a comb, combing the

constantly moving harness cords into order, and from this

function it has no doubt derived its name. Irrespective of

any peculiar methods of tying up the harness, the comber

board is divided into as many sections, or groups of holes,

as there are hooks in the machine, though it may be so

finely perforated that, as in healds, a given number may
need to be left blank to meet requirements.

The ordinary method and the most practical and best in

constructing the harness, is to take the tail of the first

hook in the machine, and put a cord from it through the

first division in the comber board, following with the

second and succeeding hooks in a similar manner until all

the hooks in the machine have as many cords attached to

them as there are divisions in the board. Bach of these

divisions begins with a complete row, which must always

be as fine as the warp reed. The form of the harness will
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Fig. 107.—Jacquard Harness for Handkerchiefs or
Bordered Cloths. Norwich System.
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always depend, to a great extent, upon the particular

fabric and style required, such as dress goods, double

cloths, table-covers, bordered cloths, handkerchiefs, etc.

In fig. 107 is shown the "tie-up," "tie," or harness

for a handkerchief, or bordered cloth of any kind,

with full drafts and the position of the healds used

to work the ground. The twist of the harness cords

on the right-hand border is to prevent a reversal of

the draft on this border, which would have to be made
were it required that the harness should present the same
appearance to the observer as it does on the opposite side.

By this arrangement the inside of each border presents

itself to the centre, or body, of the cloth. A careful study

of the illustration (fig. 107) will clearly reveal this to the

reader. It shows the body harness at A for weaving the

central design of the fabric ; the border harness at b and

at c and c' shafts for weaving a plain or twill ground.

It is a common practice to build a harness with such a

tie as will admit of a great variety of patterns for several

classes of fabrics, and then to get the designer to work, if

possible, within their capacity. Of course this is from an

economical consideration, a motive which though very

praiseworthy should not always have absolute control.

Damask Weaving.

In the preceding sections of this chapter, the power

accruing to the textile fabric designer from increasing the

number of his heald shafts has been shown. It was not

deemed necessary to carry the exposition beyond a ten

shaft set of healds, as the student who has mastered the

details up to that point can easily travel to the boundary of

shaft work himself. Also it may be remarked that every

further addition to the number of shafts increases the

cumbrousness of the system, and with all the necessary

complement of shedding mechanism takes up so much
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space that an alternative method soon becomes highly

desirable. This is found in the jacquard machine, a

wonderful invention of the early part of the present

century, of which a description will be given subsequently.

This machine, as observed in a preceding page, practically

gives the designer perfect control over the actuation of

every thread in his warp, so that he can shed it indepen-

dently of any other thread should he so desire, or the

exigencies of his design require it. The great advantage

thus resulting for the production of ornamental designs

will be obvious at once.

It is in the production of the large floriated designs of

damask fabrics that the designer is soon carried beyond

the range of shaft work. When designs are wanted that

pass beyond the scope of the latter, the sketch must be

regulated by the nature of the texture required, and the

size of the jacquard machines at command. Let it be

assumed that a design is suitable for a 400-hook machine,

and that the fabric must contain eighty warp threads per

inch, by making 80 the divisor of 400 a quotient of 5 inches

is arrived at, which gives the width of cloth available for

one pattern. The length of the pattern depends upon the

number of picks put into it, and may run to a great

length. The number of picks to the round is governed
by the pattern cards.

In the preparation of an original design, it is always

best to make two or three repeats both in the warp and
weft threads, as then, should the design prove weak in

any respect, or fail to join in a satisfactory manner, the

fault is easily discovered and remedied. The ornamental
figures with which it is the object of the designer to de-

corate the fabric should, if possible, be so distributed upon
the surface as to avoid the production of parallel, diagonal,

or transverse rows. This can best be attained by the use

of a weft sateen, or warp satin arrangement,

When it is necessary to transfer a sketch to point paper,

the sketch is ruled or lined in squares to correspond with
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the paper, so that it can be enlarged very accurately. If

a pattern is required to be copied from a fabric or draw-
ing, then tracing paper must be used, which, placed upon
a sheet of white paper, may be ruled in spaces as required.

Suppose the sketch has been drawnuponpoint paper to appear

as a cloth with sixty threads per inch, the same as the sketch,

then the figure ornament must be enclosed in a square, and
if it measures *75, or three-quarters of an inch in length,

and *5 or half an inch in width, there will be in it forty-five

weft threads or picks, and thirty warp threads in the

entire pattern. Those who do not find it easy to rule a

sketch in this manner, will find point paper a very reliable

guide. JNow to take this sketch upon the commonest typeD
8X8 8 X 11

Fig. 108.

8 x 12

of point paper in use, 8 X 8 in one division—that is eight

threads of warp and eight threads of weft in one of the

large squares, the pattern would fill five large squares,

and have five picks over in the weft way, the latter, of

course, running into another square ; and three large

squares with six threads over in the warp way, the latter,

like the weft picks, running into another large square

to complete. An exact size of the sketch is thus re-

produced.

Of design or point paper there are many types. Three

are shown in fig. 108. It will be seen that they vary in the

number of lines for weft threads. Let it be supposed

that it is required to put upon paper a design con-

taining 80 warp threads and 120 weft threads per

inch, the design paper would require to be 8 x 12
;
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if 100 weft threads, 8 X 10, and so on in proportion.

Should a 5 x 5 design be required for a fabric, 80

warp threads by 120 weft threads, the sketch would have

to be enlarged so as to cover 400 warp and 600 weffc

threads ; that is, 80 x 5 = 400, and 120 x 5 = 600,

which would all be represented by the squares. The
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simplest method of procedure, however, taking this as

an illustration, would be to rule off on ordinary paper,

8x8, 400 x 600 squares, and trace the design by impres-

sion. Take, for example, the figure of the butterfly (fig.

109), which was drawn direct upon point paper. If re-

quired for a stripe, it could be produced on a dobby by a

V-drafr, without alteration of the figure, and with a plain

ground intersecting its recurrence for a few picks. In
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such a reproduction twenty-five heald shafts would suffice

for the figure, and four for the ground weave. But this

design has been constructed for an " all-over " effect on a

satin ground, each figure to be placed in position by a

satin arrangement. Space, however, will hardly permit

an extended description of this illustration ; it must, there-

fore, suffice to say that the ground and figure must be a

measure of each other. An examination will show that

the figure covers forty-nine threads from left to right, so

if a seven-shaft satin be taken for the ground, 7 x 7 = 49
shows the ground and figure with this would be in unison,

and the joinings would be effected without a break. In

its length, or weft-way, the design covers forty-one squares

or picks, and as the figures require to be separated from
each other, if eight satin picks are added thereto for this

purpose, forty-nine, or the same number of threads as in

the warp would be used, the ground and figure thus

measuring alike.

In jacquard harness there are no complex drafts, all are

straight over. The pattern or design must, if possible,

cover a number of threads that will be a multiple of the

number of hooks in the machine. If this cannot be done,

what is termed casting-out must be resorted to. This

means that a given number of jacquard hooks must be

thrown out of action all the time. Thus, to revert to the

butterfly illustration, it has been seen" that forty-nine

threads cover the figure. If this was made upon a 200-

hook machine, four repeats would occur, with four of a re-

mainder, thus 200 -r- 49 = 4 + 4. These four hooks

would have to remain out of work all through the width

and all through the length of the warp. The same thing

occurs in all cases in which the threads in the design

cannot be divided by the machine hooks without a re-

mainder.

Besides the " casting-out " thus shown, a further neces-

sity for resort to it arises, as in healds, owing to the

exigencies of orders. The harness when built, whether on
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the London or Norwich principle, cannot be cut down and

rebuilt to suit every change of density in the texture of

warp threads per inch. It is always built to a certain

proportion of threads per inch, and if a less number than

this is required in a fabric, the unnecessary ones may be

cast or left out in the drafting. But there is not the same
liberty in the opposite direction : under no circumstances

can any be added. This being the case, and the reed

being a controlling factor, it becomes merely an arith-

metical calculation under the rule of proportion. Take,

as an illustration, the case of a harness tied up to weave
ninety threads per inch, but the order in hand is for a

fabric to contain eighty-six threads per inch. Therefore

if the jacquard machine is a 400-hook, the problem stands

as follows : As 90 : 400 : j 86 = 382. Subtracting 382

from 400, there are 18 left, which is the number of

mails in the harness, holes in the comber board, and hooks
in the jacquard that will require to be left vacant. These

remarks will be sufficient to show how design figures and
lower reeds may be adapted to the capacity of the harness

and jacquard machines, however many hooks they may
have from 100 upwards.

The Analysis or Dissection of Woven Fabrics.

It often happens in actual practice that manufacturers

have samples or patterns of cloth submitted to them for

imitation, or "matching," as it is usually called. These

often spring from some interruption of communications

with the sources of the original supply, which may arise

from many causes.

The points to be noted in order are, 1st, the dimensions,

which simply mean width and length ; 2nd, the substance,

which implies weight of the warp, weft, and the sizing

materials ; 3rd, the quality of the yarns, and the compo-
sition and quality of the sizing materials ; and 4th, the
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texture or weave. To ensure a satisfactory result all

these points require careful examination, which can only

be made by dissection, and from the knowledge thus

gained accurate reconstruction on parallel lines will result

by the use of proper care. It will not be enough for even

the most clever experts to merely glance at a piece of

cloth, count the warp and weft, and then proceed to make
it from such meagre details, disappointment and dissatis-

faction will almost surely result.

With the knowledge of cloth construction gained from

the examples already given, in which it is traced from its

simplest to moderately intricate forms, and their practical

application shown, the dissection of samples will be found

both simple and easy. In the simplest weaves a mere
inspection of the fabric will suffice to reveal what the

weave is, but in intricate patterns a much more careful

procedure becomes necessary, and the following instruc-

tions should be carefully observed :—Take the sample of

cloth, or a portion sufficiently large to contain an entire

round and a small portion on each side. Draw from this

several threads both of warp and weft, so as to leave a

short fringe of both on their respective sides. This will

facilitate the examination. Commence the operation by
pushing back a weft thread (not pulling it out) from its

position near the other still in its
aoonnHBDiaoaonasiB 1 x

, -^ , , , ,, . ,

dddSBbBuISuddbIgd 3 P^ace « Proceed to count the mter-

dmSSgSdSdSSddqd
I

sections this pick makes with the

"DDDiBDnaaDB l warp threads from the right to the

dbdljgiujligduiimn 9 left. In taking out the pick all the

DDaSSaDDlSoSBSSaS 12 tnreaa-s of the warp which the welt

oSSSddodLSS.'V if passes over must be marked in their

DDDDDfe'lSBDBDDDa 1 ^ regular order on the point paper
riHrinHnH until a repeat occurs, which will be

Fig. 110. shown by the weft going over in the

same order as before. In fig. 110 is

given an illustration, with the warp and weft threads num-
bered. In relation to the first weft pick it will be observed
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that the first two warp threads are down, three next up, one

down, one up, four down, and five up. The first pick

having been carefully taken out and registered, proceed as

before from the same point. Here the first warp thread is

up, next two down, three up, one down, one up, four down,

and this is marked No. 2 on the point paper. The dissec-

tion is proceeded with in this manner until a pick is

found, which repeats the positions of that first taken out

and marked No. 1. Thus the round or repeat of the fabric

in the weft way is found. The weave plan shows sixteen

shafts or warp threads and sixteen picks of weft as the

round, forming a fancy twill with the angle to the right,

which is its proper inclination. The warp threads or

shafts numbered show the draft to be straight over the

healds, and as no two are alike this draft cannot be

reduced. This illustration shows the whole process of

dissection to be pursued in any weave, however complex

it may be. The fringe of warp yarn will show the colour

pattern, if any, and the weft pattern, if in colours, can be

seen in the weft fringe. These colours and their order of

succession must be written down in detail, for "costing,"

that is, ascertaining the cost of producing it, dyeing,

warping, etc. The threads of warp and weft may be

compared with well-known standard counts to discover

their numbers, or better still, be accurately ascertained by

means which will be found described elsewhere in these

pages. If in the sample submitted for dissection the

selvages are absent, the warp threads can usually be dis-

tinguished from the weft by being harder twisted, by the

size upon them, and generally by being of coarser counts.

Samples are sometimes dissected by taking out the warp
threads and leaving in the weft picks.

We close this section with an illustration, fig. Ill, of

the manner in which the simple weaves that have been
expounded in this chapter can be utilized for the produc-

tion of variegated effects suitable for many purposes. The
example given is an extract from the "Textile Mercury"

M
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of December 9th, 1893. It is a rich and beautiful design,

primarily for ladies' dress goods, but suitable for many
other purposes. It is a combination of the powers of the

four-shaft twill, and besides being of practical value to

the manufacturer as given, constitutes an exceedingly

Fig. 111.—Design for Ladies' Dress Goods.

valuable example to the textile student, offering an excel-

lent study full of suggestiveness as to what may be accom-

plished on the same lines with other twills. If the powers

of a higher twill had been employed the permutations

would have become enormously greater and richer. The

design as given, however, would look exceedingly well in
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many classes of fabrics besides dress goods, and in many
materials. The exigencies of page space have compelled

the reduction of the design to rather small dimensions,

but it is sufficiently clear to answer all requirements,

whilst it gives a nearer approximation to its actual effect

in a woven fabric than if set in larger type.
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CHAPTER V.

The Modern Powee-Loom.

The power-loom perfected in principle in 1841 ; subsequent im-
provement in details.—Fast reed looms illustrated and described in
detail-—The warp protector.—The loose reed loom, illustrated;

detailed description.—The picking motion ; the shedding motion ;

furnishing the loom with warp ; the process or mechanical action of

the loom in weaving.—The speed and production of looms.—The
weaver's duties.—The beauty and productive capacity of the loom,
and the advantages resulting therefrom.

HAYING dealt with the principles of weaving, the

instrument by which weaving is performed must
now be considered. This is the modern power-loom, whose
development has already been traced from its germ in the

most ancient times to the period when it became a perfect

automaton. This was in 1841, when the inventions of the

late James Bullough, then of Blackburn, and afterwards

of Accrington, added the last requirements needed to com-

plete it, the automatic stopping motion known as the weft

fork, the self-acting trough and roller temple, and the

friction-driven cloth roller. Great improvements have

since been effected, but they have been in details, and have

gone to render more perfect in form, and more effective in

power, the component parts of the loom which were already

complete in principle. In many cases new, original de-

signs have supplanted those first introduced. These have

in the main been directed to enlarging the loom's capacity

of production by increasing its speed, improving its control

of the warp in shedding, and extending the range of its

picking and shuttle-carrying power. So great have been

the improvements in these respects that it may safely be

said that there is nothing in the way of a woven fabric
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that is now beyond the capacity of the power-loom to

make. These statements will be found to have been

amply demonstrated in the course of this treatise.

In figs. 112, 113, two views of a well-constructed fast-

reed loom for weaving the heavier descriptions of plain

cloth are given. These very effectively represent the loom

Fig. 112.

—

Modern Fast Reed Loom,
end VIEW.

Front and Gearing

of to-day in both its strength and excellence of construc-

tion. As it is the machine itself that is under considera-

tion it has not been thought desirable to include a repre-

sentation of the warp along with it. The next illustration,

fig. 114, is one of a similar class of loom, but on the loose

reed principle. This type being very widely diffused and
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extensively used may properly be selected for detailed de-

scription. The illustration shows the working parts of a

plain loom, and as this is the foundation on which what
are termed " fancy looms " are constructed, its description

will suffice for all except in the parts that are added to

secure particular or special results. The framework, a,

roughly speaking, describes the figure of a cube if the

head or top be ignored. Within this frame, attached

to the sides or bearing on them, are the working parts.

The first shaft carrying the balance-wheel, 6, extends

through the centre of the frame, and projects about 8" to

18" beyond, this projection being for the reception of the

driving pulleys, one fast, the other loose. A brake wheel

is also usually carried upon this part. The shaft has its

bearings on the sides of the frame. On the end opposite

to that carrying the driving-pulley is mounted the driving

or first spur wheel just outside the frame and between it

and the fly-wheel, b. Just within the frame, at each side,

the shaft is cranked, and by means of arms from these

cranks is attached to the " slay " or lathe, c, which oscil-

lates upon the " slay-swords," h, to which it is attached,

the latter being carried upon the swing or rocking-rail, i,

which forms their centre or pivot. The slay or lathe, c,

has several parts. Its upper surface from end to end forms

the shuttle race, the ground over which the shuttle passes

backward and forward from one box to the other ; this

is slightly inclined towards the reed, to ease the forma-

tion of the shed. The reed occupies the space, d, its

frame fitting into grooves at the top and bottom. At
the top it is retained in position by the slay-cap, e,

at the bottom by a similar groove in the slay-block;

but in the case of a loose reed, as in the loom depicted

here, there is a retaining-board, which is movable, and

permits the reed to be pressed out at the bottom when
obstruction of a sufficient force occurs in the warp

shed. This is to prevent extensile breakages of the

warp threads, or " smashes," as weavers term them. At
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this point a short pause may be made to explain the
difference between the loose and fast reed looms.

In the case of the fast reed loom shown in figs. 112, 113,
there is a warp protector consisting of a projection, some-
times two, placed upon a horizontal rod, called the stop-

rod, attached to the underside of the slay-block, and running

Fig. 113.—Modern Power-Loom.
END VIEW.

Back and Driving

its entire length. Behind each shuttle-box, fixed upon this
rod, there is a bent lever, which curves up to the back of
the shuttle-box, where it presses against the rear of a swell
placed within the shuttle-box back. This it pushes into the
box to its normal position. In this state the projection on
the rod, termed the "protector," is depressed into the posi-
tion placing it on guard, and unless it were raised from this
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it would not permit the slay to advance to the edge of the

cloth to drive home the newly inserted pick of weft. The
shuttle on its passage to and fro does this every time it pro-

perly enters the boxes. Wanting the space the swell has

taken np within the box it pushes it back, and this in turn

presses back the curved lever upon the stop-rod, causing

it to turn through a small segment of a circle, which has

the effect of lifting the face of the protector over the face

of a stop-block, called a " frog," from a rude profile like-

ness to the frog of our fields. Should the shuttle fail to

clear the warp shed in time the protector is not raised

and comes into contact with the stop-block, which instantly

arrests the advance of the slay, and thus prevents the

breakage of the warp that would otherwise follow. The
shock that takes place on this impact is a severe one, and
when looms were made with a lighter frame than is the

case to-day the loom sides were occasionally broken, which
was a much greater damage than would have been the

smash of the warp. Even now it is deemed prudent to

provide against this risk, and the front view, fig. 112,

shows two vertical, strong, flat springs, termed front

springs, on the front of the frame, which soften the con-

cussion, and relieve the frame from risk of breakage. To
return to fig. 114, the shuttle-boxes are formed by the metal

plate,/, a board forming the back, and the end plate of iron

which is fixed upon the extremity of the slay-block ; the

bottom is composed of a slotted plate of iron laid upon the

slay-block itself, which for the length of the box has a

groove cut into it for the reception of the picker foot. To
complete the equipment of the box the fly-spindle, g, is

required which has one end inserted in the spindle-stud

slightly to the left of the letter d, the opposite end passing

through the box end into a " pap " or socket upon the top

of a flat spring secured by a screw bolt to the end of the

slay, c.

The taking-up roller, j, is actuated through the train of

wheels shown at the end of the loom by the oscillation of
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the slay communicated through the pin, Z, attached to the

slay sword, h, and working in the slotted lever, m, called

the taking-up lever. On the top of this lever is a catch

termed the taking-up lever catch; this is a misnomer, for

it is rather a propeller pushing the ratchet wheel around,

one tooth at a movement. As the wheel is pushed for-

ward, a retaining catch takes hold and keeps it in the

position to which it has been pushed. This taking-up

Fig. 114.—Modern Loose Reed Power-Loom.

gear is a very important part of the loom, and on this

account will be brought under notice subsequently along

with improved variations of it. The stud carrying the

rack wheel passes through a bracket to the outside of the

loom frame where it receives the change pinion, n, and
from this fact is called the pinion wheel stud. This

pinion gears into the carrier wheel, o, which is loose upon
its stud, and has a pinion cast upon its boss that in turn
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gears into the beam wheel, p, keyed or fixed with a set

screw upon the axis of the taking-up roller, j. The
quantity of picks put into the cloth is governed by the
number of teeth contained in the change pinion, n ; the
smaller the number the more are the picks put in; the

greater the number, the fewer will the cloth contain. To
save reference we may here briefly observe that the rack
wheel in the ordinary system of taking-up gear contains

50 teeth ; the carrier, or stud wheel as it is sometimes
called, 120, the pinion 15 ; and the beam or taking-up

wheel 75 teeth, the circumference of the beam being 15
inches. These particulars worked out in the usual

manner, and including an allowance agreed upon in the

formation of the standard list for weaving, give a con-

stant number of 507, termed the dividend. The change
wheel, n, may have any number of teeth, but when the

cloth requires a very large one, the effect is often ob-

tained by giving the actuating catch a double lift, that is,

making it take up two teeth at once. The taking-up roller,

j, drives the cloth roller, &, by friction, winding up the cloth

as it is woven. Contact between the two rollers is main-

tained by the weighted levers, g'. This taking-up move-
ment is obtained from the crank, or driving shaft of the

loom, as it is indifferently called, delivered through the re-

ciprocating movement of the slay.

The tappet shaft drives what may be termed the second

half of the mechanism of the loom. The crank shaft

carries upon one end a spur wheel, which gears into

and drives the tappet shaft, r, through the large spur

wheel, q, fixed upon its end, and termed the tappet shaft

wheel. The crank shaft wheel usuallycontains thirty-seven

teeth, and the tappet shaft wheel twice that number. The
crank shaft therefore makes two revolutions for the tappet

shaft one. The reason for the diminution of the speed

will soon be obvious. Both the picking and the shedding

motions require it. On the shaft, r, immediately inside

the loom frame, are the picking cones or plates, s, one at
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each side, formed of two pieces termed the plate and the

neb or pick point, the latter being case hardened. As the

shaft, r, revolves, it carries these around, and in each

revolution they strike their respective bowls, t, carried on

studs on the bottom of the vertical picking shafts, u. The
picking plates are set upon the shaft, r, with their points

exactly opposite to each other so that their strokes upon

their bowls shall accurately alternate. The sharp impact

of the cone point, s, upon the bowl, t, causes the vertical

picking-shaft, u, to make about one-third of a revolution,

and this carries the head of the picking-stick through the

corresponding arc of a much larger circle. This is a very

quick action and shoots the shuttle through the warp shed.

When the shaft, u, is at rest the picking stick, v, carried

upon its top, has its head, w, over the end of the shuttle

box, /. The partial revolution of the shaft, u, caused by the

impact of the revolving picking cone, s, sharply sends the

picking-stick forward to the position shown in the left-

hand side of the illustration. A leather band, termed the

picking band, descends from the head of the picking-stick,

w, to the picker upon the fly spindle, g, the sudden drag

upon which projects the shuttle through the warp shed to

the opposite box, whence it is returned by the correspond-

ing action of the opposite side. This reciprocal action

constitutes the picking motion of the loom.

The shedding motion next invites attention. This is

performed by the tappets, %, which are two eccentric cams
cast together on one boss carried upon the shaft, r, and
from which it receives its name of the tappet shaft. These

as the shaft revolves alternately depress the treadles, two
levers which have their fulcrum upon a pin in the back or

front cross rail of the loom as may be arranged ; in the

present illustration it is the back position, but the loom
being without its warp, they are only shown out of their

working position with their ends, 2, at the bottom of the

treadle grate, y. When the beam, a\ which is seen to

much better effect in fig. 113, contains a warp, the



172 COTTON WEAVING.

latter is drawn over the carrier beam or roller, V , the

healds are suspended upon the heald roller, e2, by means
of cords attached to straps securely fixed upon its bosses,

the other ends being attached to the heald shafts. Similar

cords on the bottom staves of the healds form through
what are termed lams a connexion with the treadles.

Whilst this illustration is before the reader, the opera-

tion of weaving may be briefly described as it would be
performed were the loom it represents in a proper site and
connected with the necessary driving power. A warp with

the requisite set of healds and reed having been placed in

position is drawn forward, the healds are hung upon the

heald roller, e2 , the reed is secured in the space, d, the

warp is drawn over the breast beam, d', whence it passes

obliquely down and under the roller,/', though this is not

a necessary or even frequent appendage to the loom, only

being occasionally introduced to increase the grip of the

taking-up roller upon the fabric, when strong cloths are

being made, by bringing it into contact with a greater

portion of its periphery. The cloth thus passes around

about two-thirds of the taking-up roller and upon the

cloth roller, k, where the end is secured in a slot by

means of a rod extending across its length. The temples,

e ', are adjusted, and the healds tied up so as to shed pro-

perly, with such other little arrangements as the speciali-

ties of the case may call for, and then the loom is ready

for work.

The shuttle is supplied with weft, placed in the box,

the spring lever k' is pushed to the opposite extremity of

the slot where it is retained by a detent. This movement
of the spring handle k' actuates the strap fork which

carries the strap from the loose to the fast pulley of the

loom, causing the latter to commence work. The following

motions then simultaneously and in harmonious order take

place : The slay is sent forward and withdrawn by the

crank shaft, the warp is shedded or opened by the tappets,

and the shuttle is projected from one side to the other
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through the open shed leaving a thread of weft in its

track. The slay again advancing carrying the reed

presses home the weft thread to a given position near the

temple roller, at which the warp closes upon it, securing it

there. This completes the first series of movements, which

are then immediately recommenced. The slay retires and

the shed opens in the opposite direction, the warp threads

that were up before being now down, and the ones that

were down being now up. The shuttle is thrown back to

the box from which it first started, again leaving a trail of

thread behind. The slay again advances and drives home
the weft, completing the insertion of the second pick.

The continuity of these simultaneous and successive move-
ments constitutes the operation of power loom weaving.

The speed of a loom is described by the number of picks

—the times it throws the shuttle across the warp—per

minute. The plain loom as illustrated and described here

will pick 200-240 times per minute, according to its width,

which is measured by its reed space. Widths ordinarily

range from 26 inches to 60 inches, widths below or above

these dimensions being of special requirement and con-

struction. The narrowest looms run the quickest. A
loom working at 240 picks per minute will weave 3" of

cloth per minute containing 20 picks per quarter inch, or

allowing 10 per cent, for stoppages, for piecing broken
warp threads, changing shuttles and a number of other

small matters, 45 yards per working day of 10 hours.

Therefore one weaver superintending four looms of this

kind—a very common thing—would produce 180 yards of

such cloth per day, or say 1,000 yards per week, and
50,000 yards per annum, working fifty weeks in the year.

It will have been seen that the loom is perfectly auto-

matic in its operations, wanting only the power derived

from the steam-engine, and a little supervision by the

attendant, who is called the weaver, but to whom this

name no longer properly appertains, he or she being simply
an attendant upon an automatic weaving machine. The
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loom when the weft in the shuttle has been exhausted auto-

matically stops, and the duty of the weaver is to replenish

the shuttle or substitute a filled one and restart the loom.

Two shuttles are allowed to each loom, one to be kept

ready filled to replace the exhausted one, so that time and
engine power may not be wasted as would be the case

were the loom to be kept idle until the shuttle was refilled.

The loom of course may stop for other causes, or owing to

the breakage of warp threads, or other matters going

wrong, of which it cannot automatically take cognizance,

so may require to be stopped by the attendant, who for

convenience may still be called the weaver. The duty of

the weaver is to keep a strict supervision over the looms

committed to his or her charge in order to prevent matters

going wrong. Owing to the perfection to which looms

have been brought, they require comparatively little

supervision at the present day, so that weavers can now
tend from two to six looms each according to the character

of the work being performed.

This beautiful automaton, the power-loom, may justly

be regarded, even in its simplest form as here described,

as one of the wonders of mechanical science. It has a

still greater claim to man's estimation owing to the enor-

mous degree to which it has relieved him from laborious

drudgery. The extent to which it has accomplished this

will be seen in the fact that a good hand-loom weaver of

the past days would never and could never for any length

of time together make more than fifty picks per minute,

whilst the power-loom's capacity is from 180 to 260 picks

per minute, according to the widths of cloth being made.

In some branches of the worsted trade the speed has

attained 400 picks per minute. Thus at an easy estimate

each power-loom is equivalent to five hand-loom weavers,

and as four of these looms on an average can be super-

intended by one power-loom weaver, it follows that one

person with the aid of power-looms can produce as much
as twenty weavers of the early days of the present century.
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But even this estimate falls far below the facts because the

hand-loom weaver was never a persistent worker, whilst

the power-loom is absolutely tireless, working as well at

the close of the day as at the beginning, and if necessary

it could work all round the twenty-four hours of the day,

and the seven days of the week. The quality of work
produced from the power-loom is also uniformly much
superior to that which could be obtained from human
labour. Such is the power-loom of to-day : to its creators

the world is deeply indebted ; it has emancipated millions

from the drudgery of a sedentary labour task, it has

brought clothing within the reach of millions more, who,

without its aid, would never have been able to shield them-

selves from the cold and heat of the varying seasons and

of the different climes of the world. Many more if clothed

at all would have had to go about in rags and tatters, as

the periodical renewal of the clothing of the greatest portion

of the populations of nearly every civilized country would
have been impossible on account of the expense. It was
no uncommon practice a century or two ago to hand down
personal clothing from father to son and from mother to

daughter amongst the lower classes, whilst amongst those

socially above them, the contents of the wardrobes were
carefully bequeathed for distribution amongst the friends

of the deceased. This was a practice that from a sanitary

point of view was decidedly objectionable, whilst from an

aesthetic one it was still more so. Fancy the present

generation of Englishmen and women promenading in the

cast-off clothes of its recent predecessors. Yet this is

what the modern power-loom has saved them from. The
rags and tatters and patched clothing that formerly dis-

tinguished the working classes have almost everywhere
disappeared, for when clothing has been so far worn as to

require patching, the wearer in the humblest sphere of life

can now in almost every case afford to renew it.
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CHAPTER VI.

The Development op the Shedding Motion.

Specialization of cotton manufacturing.—Shedding power of the
loom

;
plain cloth, illustrated.—Four-leaved twill, illustrated.—

Spring headpiece, illustrated.—The cylinder motion.—Jamieson's
shedding motion, illustrated.—The Bradford shedding motion,
illustrated.—Fustian loom with Woodcroft tappets, illustrated.—
The draw-loom.—The drawboy machine.—The jacquard machine.
—Joseph Marie Jacquard, brief sketch.—Introduction of the
machine to England and rapid spread in the weaving districts.

—

Variety of types.—Sizes of the machine, how expressed.—Double-
lift jacquard, illustrated.—The parts of the machine described and
illustrated ; the hooks, the needles, the griffes, the batten, the
cylinder, the card.—Function of the cylinder.—Hooks and needles
as combined for work, illustrated.—Function of the cards.—The
needle-board and lintel-frame.—The spring-box, illustrated.—
Various types of jacquards, single-lift, double machines, compound
machines, and leno machine, all illustrated.—Brierley's improved
driving arrangement, illustrated.—Thedobby, a modified jacquard.
—Its development.—Hattersley and Smith's dobby, and Eccles's,

illustrated.—Various types of dobbies.—The patent cardless, auto-

matic, cross-border, combination dobby, described and illustrated.—
Its great capacity for the production and variations of patterns.

—

Patterns, illustrated.

HAYING described in detail the automatic power-

loom in its simplest form, the task may now be

taken up of tracing its further development in a very

important respect, namely, its shedding power.

In the cotton trade, where the manufacture of the

various cloths is, to a large extent, specialized or confined

to particular classes of manufacturers, business goes on

with comparatively few changes. Consequently the man
who makes the production of plain cloths his staple pur-

suit is rarely prepared to undertake orders for even the

simplest twills, this needing an extension of the shedding

capacity of his looms which he has not provided. Again,
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another manufacturer may equip his looms for the produc-

tion of cloth from plain up to five or six-shaft twills.

Others, again, who do what is termed a mixed business,

will furnish their establishments with looms of various

capacities so as to be able to undertake any orders that

may be offered to them. It should be borne in mind,

however, that the different varieties of cloth are most
economically and advantageously made upon looms that

are specially suited to them, as in the use of a loom, the

full capacity of which is not brought into activity, there is

generally some mechanism to actuate, or weight to carry,

which involves the expenditure of steam-power without

any return ; and further, the capital represented by this

portion is put out of use, for the time being, and lies

unproductive. This, of course, involves waste that ought,

wherever possible, to be avoided. The best manufacturers

and managers will constantly bear this in mind, and the

student will do well to do so likewise.

What is meant by the shedding power of a loom is its

ability to raise and depress the threads of the warp, in the

manner required to meet the necessities of the design

intended to be woven. As shown in the loom just

described, this capacity is very limited, consisting merely

of simultaneously raising one half of the warp and de-

pressing the other to a similar extent, to allow of the

passage of the shuttle between. In ordinary practice the

threads of the warp being alternatingly placed in the

ascending and descending heald shafts produce the plain

fabric shown in fig. 23, ante, p. 103, and delineated in de-

sign, fig. 24, ante, p. 104. It is produced as shown in

fig. 115, which shows the whole arrangement. The
tappets, A b, as before described, are carried upon the

second or tappet-shaft of the loom, and in revolving a

depresses the treadle, C, which latter, through its connec-

tion with d, by way of the heald roller, e, as shown,
elevates d. In turn d is depressed in the same way,
and correspondingly elevates c. This is the simplest form

N
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of the shedding process, and however complex it may be-

come, as will be shown in the description of the more
intricate developments, the principle remains the same.

It should, perhaps, be remarked here, that in all cases

where there are heald rollers, as at E, the movements
of the healds are rendered as easy as possible by being

counterpoised with one another. This advantage is lost

Fig. 115. Fig. 116.

when the shedding arrangement becomes more complex,

but it matters comparatively little in the latter cases, as

the weight to be moved is much diminished, at least until

the lingoes of the jacquard come in.

It would occupy far too much space to trace in detail

every forward step made in the shedding power of the

loom, but progress has been steady, and very seldom

interrupted for any length of time. It will serve the
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present purpose if the tappets and top motion, the heald

roller arrangement, of a four-shaft twill be described,

premising that up to about six shafts thej are all of the

same type. Fig. 116 shows the head-gear and tappets

and design of a four-shaft twill in which the arrange-

ment is for a tread of three shafts down and one up. A
four-twill tappet can be arranged to tread two shafts down
and two up, and one down and three up. Similar arrange-

ments can be made in others as may be desired.

After a certain number of shafts, say about six, have

been reached, a top motion or head-gear on the roller

principle, as shown, becomes cumbrous, and what is

termed a spring top motion was formerly much in use.

Fig, 117. Fig. 118.

One of these is shown in fig. 117. As will be seen, it

consists of a small iron frame, having within it a number
of compound levers, each series pivoted upon a common
centre. The two series individually connect with each

other in the middle of the frame by means of sector ends.

Bach lever is attached to a helical spring, as shown, which
holds them up, this being their normal position. By
means of cords depending from their under side they are

attached to the heald shafts, which similarly from their

bottom staves are connected with the treadles. The tappet

forms the shed in the usual way ; when released the spring

in the headpiece draws the heald shaft back to its first

position. This spring headpiece can be made for any
number of shafts. The type of tappet already shown has

also to be modified or much reduced in size.
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An excellent treading arrangement, and of great capacity,

was one well-known and extensively in nse thirty years

ago, called the barrel or cylinder motion. It came near

the jacqnard machine in its capacity for variation within

the narrow range of stave work, but it was somewhat
cumbrous to work and especially to change, and therefore

disappeared when the modified jacquard known as the

dobby came into the field. As it is not at present in use

no further time need be spent in its description. It is

interesting, however, as having been the invention of

Richard Roberts.

Where it was desired to retain the tappet treading

arrangement, the motion of which is an easy glide from

one position to another, and therefore rather less severe

upon the warp, a later invention, known as Jamieson's

treading motion, afterwards came into favour. This is

shown in fig. 118, and consists of the requisite number
of tappets and treadles of the ordinary type, much reduced

in size, arranged in a frame and operated through gearing

connected with the second shaft of the loom. These

tappets could be adjusted to tread in any order required.

With the improvement of the dobby machine this also has

practically disappeared.

Another arrangement of multiple tappets is that known
as the Bradford treading motion. It is in great favour in

the Yorkshire districts in weaving woollen and worsted, or

mixed materials in dress goods because of the facilities it

offers for making changes. In the cotton trade, where the

orders run much larger on a design or figure, it would be

objectionable on account of the extra space it requires.

As will be seen in the illustration (fig. 119), the tappets,

are arranged outside the loom, which permits of their

being very easily taken off when changes are required.

From the ends of the treadles connecting-rods ascend to

the levers carried upon the horizontal shafts which carry

the quadrant levers. To these the healds are attached,

and are lifted in the order of the tappet arrangement.
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Any of these shafts can be thrown out of action when not

needed, the remainder being available for weaving fabrics

requiring any number of shafts up to the full complement

that the arrangement may contain. All that is required

beside is to simply change the tappet and wheel. This

illustration shows the loom with revolving shuttle-boxes.

In the manufacture of very heavy fabrics, where a num-

Fig. 119.—Loom with Bradford Shedding Motion.

ber of shafts are required for the purpose, it is essential to

have looms with very strong frames, and all the appoint-

ments to correspond. These looms are termed fustian

and heavy fabric looms, and usually have several special

motions not frequently seen in most other looms. In the

generality of cases, however, they are furnished with a

special treading motion known as Woodcraft's section

tappets, from the name of the patentee, the late Mr.
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Bennet Woodcroft, who, however, we believe was not the

inventor. It is shown in fig. 120.

This treading motion is arranged on the ontside of the

loom frame. It is bnilt up of a number of plates or

discs, which are perforated to permit the easy attachment

of certain parts termed sinkers and risers, from the fact

that through their connections they elevate and depress

the healds in the manner required by the pattern. Under-
neath the loom are a set of jacks or levers to which the

healds are connected. A corresponding set are mounted
upon the top of the loom, and connections formed between

them and the treadles, which in the illustration are seen

upon the cylinder at the end of the loom, and which is

formed of the combination of tappet plates. When these

plates have been arranged for work they present to the

treadles, if we may use a homely illustration, a succession

of hills and dales, up and down which the treadles have

to ascend and descend, according to the exigencies of the

design of the fabric. Continuing our metaphor, these

treadles may be regarded as travellers who are moving in

company to one destination, that being the end of the

cloth. There is this important difference, however, they,

unlike actual travellers, are fixed to a certain position and

mark time merely, whilst the hills and valleys move
underneath them, lifting them up and letting them down
in exact correspondence. These movements by elevating

and depressing the shafts of healds every time a change

takes place, form a shed in the warp for the passage of

the shuttle. When the cycle of changes has been gone

through, the design has been completed, and the opera-

tions begin anew. This goes on as long as desired.

The risers and sinkers fitted upon the plates operate

the treadles in a positive manner. The treadles carry

anti-friction bowls to ease the passage of the risers and

sinkers. They transmit their motion through connecting-

rods or cords to the levers, which raise and lower the

healds in the manner already shown.
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This treading motion can be and is commonly used to

weave fabrics requiring up to twelve shafts, and by vary-

ing the arrangement of the risers and sinkers upon the

plates a considerable variety of patterns can be obtained.

It is, however, a very cumbrous motion to work, taking

a considerable time to pull to pieces and to put together

Fig. 120.—Fustian Loom with Woodcroft tappets.

again for re-arrangement, whilst if a mistake happens to

be made in the work it is all to do over again. The task,

besides stopping the loom for a considerable time while

changes are made, is also a dirty one. When at work it

is also slow and exceedingly noisy, adding very greatly

to the inevitable clatter of a weaving-shed. Thus it

has been dispensed with wherever possible, and is now
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retained only for cords, moleskins, heavy velveteens, belt-

webbing, hose-pipes, and kindred classes of fabrics.

On the line chosen, namely, that of development from the

lower to the higher capacity of the shedding power of the

loom, we now come, though somewhat ont of time and place,

to the draw-loom. A brief notice must suffice as it has dis-

appeared from practical work, superseded by the jacquard.

Persons familiar with the history of weaving know
that for the production of decorated fabrics which
required something beyond the capacity of the appli-

ances that have been described, there was in concurrent

use the draw-loom, a machine that practically gave
the weaver individual command, for shedding purposes,

of every thread of his warp. Damasks, by which these

figure-decorated fabrics have long been known in tex-

tile history, are supposed to have been first, or at least,

so extensively made in Damascus, as to have derived their

name from that city. They were no doubt introduced

into this country by ecclesiastics at an early date, and it

is supposed that the draw-loom itself came from the same
place, brought over by the Crusaders. Improvements in

details subsequently occurred, but they were not of great

importance until the drawboy machine made its appear-

ance. Who invented this can hardly be said to be de-

finitely known, but the best records discoverable in the

English Patent Office would favour the claim of one

Joseph Mason, who patented a machine for an equivalent

purpose in 1687. This patent was No. 257 of the year

named, and was dated October 3rd. Unfortunately no

specification was enrolled.

The draw-loom, as an ancient loom of the highest

capacity, and the one on which the wondrous fabrics of

the olden times were wrought, for the sake of the student

deserves a brief description before we come to the con-

sideration of its great successor, the jacquard machine.

In the draw-loom the warp threads were drawn through

separate and independent healds or mails, so named be-
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cause they carry the threads, the cords of which were

passed through the comber board to keep them from

entanglement. Next, a number of these, according to re-

quirement, were tied or harnessed to other cords, which

thus governed a number, so that when one of the latter

cords was pulled several warp threads were controlled,

precisely as a coach-driver controlled his horses by the

harness, and hence, no doubt, was borrowed the name of

harness, from the similarity of the function. The harness

cords ascended from the comber board to the pulley box,

some height above, whence, after passing through the

bottom of the box and over the pulleys, they took a hori-

zontal direction for some distance over and beyond the loom

side and were then attached to a staple or bar on a level

with them. These horizontal cords were termed the tail

of the harness. At their mid-length other cords, termed
" the simple," were attached to them. These cords de-

scended to near the ground, where they were secured to a

horizontal rod sufficiently long to take the whole. It was
upon these that the pattern was arranged. There were

other details also, but as they were only to facilitate' the

operator's getting hold of the " simple " cords, they

hardly call for more particular description. This was
done in the order of rotation required by the pattern. The
cords of the simple were pulled down and raised the

corresponding portion of the harness, and its leashes or

healds opened the warp in the same order, which was
kept open until the requisite portion of the pattern was
woven, when the necessary succeeding changes were then

made. The working of the simple was the drawboy's task,

which was far from being an easy one. The weight of

the lingoes, of which there were often thousands, more or

less of which he was constantly engaged in lifting, became
appreciably burdensome before a day passed over. There
was also a great deal of friction to overcome in operating

them. No wonder, therefore, that attempts were made
to ameliorate this burden.
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The first practical improvement that sprang from these

efforts was the invention of the drawboy machine. This

consisted of an oblong frame about as high as it was long,

and abont half of the dimension in width. Within this

frame was arranged a rocking shaft, connected with a

sector picker, which had a lateral traverse the length of

the frame. The two sides of the frame were perforated

for the reception of the lingoes, and the picker in its

passage drew down the lingoes, and through the connec-

tions already explained shedded the warp. This appliance

gradually came into extensive nse, but, though an im-

provement in many respects, it greatly increased the toil

of the weaver's daily task without giving him much com-
pensation in economy, as the master weaver, having to

provide it, made a charge for its use not much below the

cost of a drawboy. The dawn of the happy days of the

weaving industry, in which the employer provides every-

thing, as in the modern factory system, had not then

broken upon the weaver's vision, though they were near-

ing. The invention of the drawboy machine was a dis-

tinct advance in the direction of a perfect system of

mechanical shedding, and as such deserves this brief

reference.

The drawboy in the first instance, and the drawboy
machine after him, drew the " simple " cords in regular

sequence, according to the plan or design which he had

before him, whilst the weaver operated the loom, and put

in the weft either straight forward or in a corresponding

order, if colours were in requisition. Thus it will be seen

was developed the harness of the artist weaver. As ex-

perience increased in the use of this harness different

systems of grouping the healds thus to be controlled were

developed. These were called " ties," or " tie-ups," of

which there are a fair number. The simplest and the ones

most commonly in use in this country, are those known as the

London and Norwich ties, which differ from one another

only in the London tie being mounted upon the loom with
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its frame parallel to that of the loom, whilst the Norwich

one is mounted with its frame transversely to that of the

loom.

We have now arrived at the time when the grandest of

all the mechanical inventions ever designed for the pur-

pose of warp shedding made its appearance. This is the

jacquard machine, which was invented originally as an

attachment to the haDd-loom and not to the power-loom,

which it almost anticipated as a practical working inven-

tion of value. Its primary purpose was to relieve the

hand-loom weaver of the difficulty he experienced with

both the drawboy and the drawboy machine. At that

time it is very improbable that its inventor ever contem-

plated its adoption to the power-loom as a shedding

appliance, and much less would he do so to the many
other useful purposes in which it is so frequently met with,

and giving every satisfaction in these days.

As with many other important inventions there are

rival claimants for the honour of being the inventor of

this machine, and no doubt strong and important and well-

founded arguments have been advanced to prove that the

merit ought at least to be divided between Jacquard and

some of his predecessors in the field of mechanical science.

In the interest of the technical student a short space may
be devoted to a review of Jacquard's career.

Joseph Marie Jacquard was a native of the great silk

manufacturing city of Lyons, where he was born on
July 7th, 1752. His father was a silk weaver, and his

mother was also engaged in the trade. Though thus

cradled in the weaving industry at the outset of his work-
ing career he preferred and adopted bookbinding, and
afterwards followed on with type-founding, and subsequent
to this he transferred his energies to cutlery manufac-
turing. Whilst at this occupation the death of his father,

who left him a cottage and a silk loom, brought him back
to the silk trade. He does not, however, appear to have
met with any success, but rather otherwise, as after his
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marriage be would seem to have reverted to his earlier

industrial pursuits. In 1792 he became involved in the

whirl of the Revolution, and in the following year was
engaged in the defence of Lyons against the forces of the

Convention. It is stated that his son was killed by his

side, which caused him to retire from the profession of

arms. Previously to this episode of soldiering, in 1790, he

had begun to contemplate the feasibility of constructing

the machine with which his name has since become
identified. The design, however, was probably laid aside

during the troublous and distracting times of the progress

of the Revolution. When it was resumed we have no
knowledge, but in 1804 the machine appears to have been

completed, and near the same time was exhibited at the

National Exposition, and secured for him the barren reward

of a bronze medal, which Jacquard did not know how to

turn to account, as he lived before advertising became a fine

art. About this time also he seems to have obtained a

prize for the invention of a loom for weaving fishing-nets,

offered by the English Society of Arts. He got a patent

for his shedding machine which seems to have included a

right to a premium of £2 for every machine made and

sold. About 1804 he returned to Lyons to push his in-

vention. In its introduction, however, he met with the

ill-luck of most inventors in those early days, namely,

bitter opposition. Its merits having begun to be appre-

ciated they were leading to its extensive adoption, when
its opponents gathered in force, denounced both the

machine and its parent, tore them from the weaving-

rooms in which they had found adoption, and destroyed

and publicly burned the fragments in the streets. Even
the " Conseil des Prud'hommes," belying its name, con-

demned both the invention and its author, and he had to

fly from the place to save his life, as his great forerunner

in the field of textile invention, James Hargreaves, had

had to fly from the Blackburn district, the great weaving

centre in Lancashire. But, like other destroyers of ma-
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chinery, the French could not burn the idea. The machine

was reconstructed with improvements in details, and its

value having been demonstrated, it was again rapidly

adopted in France, and soon spread to other weaving

centres of the Continent, and at last found its way into

England.

In the meantime Jacquard continued to live on, witness-

ing the increasing usefulness of his machine, until August
7th, 1834, when he died at Quillins, near Lyons, in the

eighty-third year of his age.

It is in his native country that Jacquard's claim to

recognition and merit on account of this invention is most

contested. M. Marin, a Lyons professor of weaving, ex-

hibited a series of models, showing the development of

Jacquard's shedding apparatus from the inventions of

earlier mechanicians, namely, M. Bouchon, who, in 1725,

is alleged to have employed a band of perforated paper

which was pressed by a hand-bar against horizontal wires,

and pushed forward those which happened to be opposite

blank spaces, whilst the others entering the perforations,

similar results followed to those with which we are

acquainted to-day. Three years afterwards, in 1728,

M. Falcon is said to have improved on this by introducing

a chain of cards, and the square prism in common use to-

day, and known as the cylinder. No further progress

appears to have been made until about 1745, when
Vaucanson, a well-known early mechanician and inventor,

dispensed with the tail cords of the draw-loom, and made
the loom capable of being operated by the weaver alone

by placing the perforated paper, or chain of cards, upon
the surface of a large pierced cylinder which had a back-

ward and forward traverse each stroke, and which was
caused to revolve through a small segment of a circle by
means of ratchet work making a movement coincidently

with its lateral traverse. The same inventor is said to

have introduced the rising and falling griffe, and thus

nearly anticipated Jacquard in every detail of his shedding
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machine. Whether these allegations are, or are not, true

either in whole or part, we are not concerned to inquire.

They are made by a Frenchman against a Frenchman, and
have, like the most of this class of charges, come too late

to be of either advantage or disadvantage to the parties

principally concerned. Jacquard is in possession of the

reputation of being the inventor, and the Municipality of

Lyons has erected a statue to his memory on the spot

where it formerly burnt his invention, and has thus satis-

fied the claims of poetic justice, and there the remainder of

the world may be content to let the matter rest. We may
add, however, that Dr., afterwards Sir, John Bowring,

before a Committee of Parliament in 1831-2, gave par-

ticulars of an interview he had had with Jacquard, in

which the latter practically admitted his indebtedness to

Yaucanson, so that this precludes to a considerable extent

any charge of ingratitude that might be alleged in ad-

vancing Vaucanson's claim.

Jacquard's invention was rather late in finding its way
into England, probably owing to the almost constant war-

fare that prevailed until after the battle of Waterloo. The
first Englishman who appears to have seen it was Mr.

W. Hale, a Spitalfields silk manufacturer, who made
known his discovery to a Mr. Stephen Wilson, also in the

silk trade. After some time this gentleman went over to

France, procured a machine, and on his return seems to

have invented a card-cutting machine, and to have

patented the two together (No. 4543, March 8th, 1821).

Jacquard's machine was soon afterwards heard of in

Coventry, Macclesfield, Manchester, Halifax, and other

places, and no doubt very quickly met with general

adoption.

We have given this brief sketch of Joseph Marie

Jacquard and his invention, because of the great influence

it has had upon the weaving art, and the numerous pur-

poses to which it has been adapted outside that for which

he originally designed it. Whether in this instance he
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was the inventor, or only an adapter of other people's

ideas is not very material, as, like Arkwright, he is cer-

tainly entitled to the credit of making practicable devices

that, up to the time he took them in hand, were failures.

The Jacquard Machine.

The jacquard shedding apparatus, the story of the

invention of which has just been narrated, will now be

described in detail, so that its construction and operation

may be correctly understood. The inventor's name has

long been transferred to the machine, therefore, in conso-

nance with this convenient custom, and for the sake of

brevity, it will be called by this designation.

Of jacquards there are a number of types, each varying

in capacity from very small ones containing about 100

needles to large ones ranging up to 2,000 needles. Of
course were larger than these required there would be no
difficulty in making them.

The number of needles expresses the size or capability

of the machine: thus there are 400s
, 800 s

, and 1,200 s

machines, and intermediate sizes. Those usually em-
ployed in the trade are regarded as standard sizes, and
departures from them are looked upon as specialities.

But whatever be the size or type of the machine, its chief

parts are essentially the same, however modified for

adaptation to particular requirements.

The accompanying illustration, fig. 121, represents a

standard make and type of jacquard, containing 400
needles and one cylinder, and arranged for what is termed
the double lift : that is, it is a 400 needle machine, but

instead of having only 400 hooks it has 800 or two to

each needle, and also two griffes instead of one. This

machine is extensively used in weaving cotton goods and
all fabrics in which high speed is desirable, as it can be

worked to shed for 200 picks per minute, though not

more than 160 to 180 are recommended.



192 COTTON WEAVING.

The jacquard, it will be seen from the illustration,

consists of an iron frame which stands about eighteen inches

high, its lateral dimensions varying according to the

number of hooks and needles it contains. In this frame

are mounted the working parts which are actuated through

various connecting rods, shafts, and levers, from the

Fig. 121.—Double-lift Jacquard 400s
, one cylinder.

crank and second motion shafts of the loom. The cords

seen upon the ground of the illustration are termed the

neck-bands or neck-cords. These are looped upon the tail-

pieces of the hooks of the jacquard, otherwise their lower

extremities. They are then passed downward, occasionally

through a perforated board at the bottom of the frame
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called the bottom board. In modern makes of jacquards

this board, on which the hooks rested when out of action,

has been superseded by some bars or blades, termed hook
rests. This avoids the wear and tear of the neck cords

which took place with the boards. The cords are attached

by a slip-knot to the leashes or harness, as shown pre-

viously in fig. 106, p. 151. The slip-knot is to permit of a

perfectly level adjustment being made of the

harness-mails.

The following are the principal parts of the

jacquard

:

1st. The hooks. The hook shown in fig. 122

is made out of wire of about 16 s gauge. The
wire is first cut into lengths and made perfectly

straight in a machine specially designed for the

work. It is then bent in the shape shown in

the illustration. The top is formed into a hook
to admit of its being lifted by the griffe. The
bottom, A, is bent for the reception of the neck-

cord, and is turned up a good distance to prevent
K

all risk of its slipping off. The top of the end
thus turned up is formed into a hook as shown,

for the purpose of resting the hook upon the bar,

b, when out of action. This bar is called the

hook-rest.

2nd. The needles. These govern the hooks.

The hooks are normally in a position to be

actuated by the griffe, and would be lifted every

time it ascended were it not for the control exercised over

them by the needles which leave them in or put them
out of action as required. In the illustration, fig. 123,

three kinds of needles are shown : a represents the needle

as used in a single-lift jacquard ; it has a loop or eyelet

formed in its length through which the shaft of the hook
passes. In b is shown the kind used in a double-lift

machine ; this has two bends, not eyelets as before, to

enable it to operate two hooks, there being, as stated
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before, two hooks to each needle in the double-lift

jacquard. In c is delineated the kind used in a double-

cylinder machine ; this contains only one bend. All jac-

quard needles are bent at one end in the manner shown
in order to form a butt-end for impact against the springs

in the spring-box.

Fig. 123.

3rd. The griffes, fig. 124. In a single-lift machine there
is one griffe

; in a double-lift there are two as shown here.

The griffe in a jacquard loom is the equivalent of the tappet
in a plain loom, as it forms the warp-shed. A more rational

name for it, at least in English, would be the hook-lifter.

It has an ascending and descending movement. It is,

Fig. 124.

roughly speaking, a square frame, A, mounted upon the

vertical cylindrical rods B, which slide in appropriate ears

or lugs cast upon the frame. Fig. 124 shows them in

detail and detached from the frame ; in fig. 121 they are

seen with their connections in their working position.

4th. The batten, A, fig. 125. The batten is somewhat
like the lathe or lay of the old hand-loom both in its con-

struction, action, and function. It is composed of two
arms and the block called the cylinder. It has a semi-

oscillating movement which would be best described by
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saying that it is equivalent to the half of the movement

made by a clock pendulum. It derives its name from its

function of beating back the needles and so putting the

hooks out of action as required. It is shown in the front

of fig. 121 with its cylinder, the horizontal block with the

numerous small perforations. This block is not solid but

hollow, being built up of four perforated slabs. The batten

is a principal feature of the machine.

Fig. 125.

5th. The cylinder, fig. 126. This, as just observed, is

a part of the batten. Strictly speaking, it is a prism of

four sides. Its function is to press back the needles which
govern the hooks and so put them out of action when their

threads are not required to be lifted for forming the shed.

It has four faces, as will be seen from the sectional view in

tig. 126. It is so actuated as to make one-fourth of a revo-

lution with every pick made by the loom, thus bringing its

different faces in successive order into contact with the

needles. If the faces of this cylinder were without the



196 COTTON WEAVING.

perforations shown, A a', at each impact every needle in the

jacquard would be pressed back and every hook thrown
out of action, not a single thread would be lifted, and con-

sequently no shed would be formed. It becomes, therefore,

a necessity to make the small circular holes in it in order

that the needle-ends may enter, and the hooks which they

control may not be pushed back when they are required

to be left in operation. As this is in turn needed with all

the warp threads it becomes necessary that the faces of
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Fig. 126

the cylinder shall have as many holes as there are hooks

in the machine. This being the case, we are confronted

with another important fact, namely, that if left in this

condition the face of the cylinder, when carried by the

batten into impact with the needles, would receive the

point of every needle into its corresponding hole and thus

everyone would be left in position to be lifted, and would

be lifted by the grhTe in its ascent. Every thread in the

warp would then be brought up with them, and thus again

Fig. 127.

there would be no shed for the passage of the shuttle. In

the first instance given the shuttle would pass over every

thread, in this it would pass under them. It will now
have become obvious that something more is required

which shall discriminate or select the hooks that shall be

lifted and those which shall not lift. This is

:

6th. The card, fig. 127, which is so called because it is

composed of cardboard specially made for this purpose. The

card might appropriately be termed the hook-selector, for

that is its function. It does this by intervening between the
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cylinder and the needle-points, blocking the entrance to

the cylinder-holes, and causing to be pushed back those

needles whose hooks are not essential to form any parti-

cular shed, and leaving undisturbed in their position those

required to make it. This is accomplished by the cards

being perforated according to the requirements of the de-

sign to be woven. If a blank or unperforated card were

placed between the cylinder and the needles it would have

the same result as we have seen would be the case in the

event of the cylinder-face being without perforations

:

every hook would be thrown out of action and no portion

of the warp would be lifted. Similarly, if a card had as

many perforations as there were needles every hook would

be left in position to be lifted and the whole warp would
be raised. Therefore, when it is desired to raise any given

thread, a perforation is made for the needle of the hook
carrying it, the needle-end passing through the hole in the

card and into that of the cylinder, thus leaving its hook
to be lifted. As the lifting of the warp threads varies

with every pick the loom makes, to accomplish this the

cards require to be perforated in like varied manner. Thus
it comes to pass that a different and special card is needed

for every pick required to complete a textile design, ex-

cepting, and this is sometimes an important exception,

one card can be repeated many times. When this is the

case an arrangement is brought into action by which the

revolution of the cylinder is arrested and the repetition is

accomplished. The " round" of a design, or the number
of picks required to complete it necessarily varies ; in

small designs a few hundreds suffice, whilst in large and
elaborate ones the number will run into thousands.

To keep cards in consecutive and proper order they are

tied or laced together. Let the reader revert for a moment
to the illustration of the cylinder, fig. 126. The two cen-

tral sections, A a', form the face for the reception of the

card, and its other three faces are exact replicas. The
two larger circles, b b', at the outer ends of the cylinder-
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face represent the card-pegs which, when the card comes
npon the cylinder, enter the holes indicated by the corre-

sponding circles b and b' in the card, fig. 127. These
pegs are sometimes simply solid, but in modern practice

they are generally mounted upon small helical springs, in

order that in the event of a card getting displaced and
missing presenting its hole from any cause, which some-
times happens, the pegs may yield and sink into the

the cylinder until it passes, rather than break or otherwise

damage it. It is to be preferred that cylinders should be
furnished with spring-pegs rather than not. The cards

are laced together generally at three places : each end
and in the middle. This is done by means of a fine,

strong hemp-twine which is passed through the holes

marked C, fig. 127, in such a manner as that, whilst

leaving the cards perfectly pliable and easy to fold back-

ward or forward, they shall be held without the slightest

chance of slipping from their proper positions. The
grooves, c', in the cylinder, fig. 126, are cut for the recep-

tion of these cords, so that the card shall not be prevented

from lying close to the cylinder-face. The remainder of

the perforations in the card are for the needles.

7th. The hooks and needles. In fig. 128 are shown
eight hooks, A, and needles, B, arranged as when mounted in

the jacquard for work. As shown here the hooks repose,

when out of action, upon the hook-rest shown at C. As-

cending from this rest it will be seen that the hooks are

received into the eyelets or the bent parts of the needles,

beyond which they project a short distance, and terminate

in the hooks, d, at their head, by which they are lifted by

the griffe-bars, blades, or knives, E, as these are variously

called in different localities. It is from these hooks at

the top that the name is derived. The griffe-blades are

shown in section. The horizontal wires, b, are the needles,

which have already been sufficiently described.

I The function of the cylinder, it has already been ex-

plained, is by means of the needles to push out of action for
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the moment those hooks whose services are not required, and
that of the card to discriminate which are these. Of the
series of eight needles and hooks shown, five are represented

as in action, and three, marked h, as pushed out. The ends,
f, of the latter's needles presenting themselves before a
blank space in the card, in the swing of the batten are
pushed back, their opposite ends, g, compressing the small



200 COTTON WEAVING.

helical springs, J, of which each needle has its own. The
needles thus pushed back deflect their respective hooks so

far from the perpendicular that they get clear of the line

of movement along which the griffe-knives, b, ascend.

They are therefore just left out of action. As, however,
they may be wanted to rise in the next shed it is necessary

they should immediately be returned with perfect certainty

to the position within range of the action of the griffe. ] n
the meantime the batten has swung away in order to admit
of the cylinder making another quarter-turn, and bringing

a new card into operation. This action removes the

Fig. 129.

pressure from the needles and permits the springs to in-

stantly return them to their first position ready for duty if

called upon. If they should not be wanted they are again

pressed back and are again returned in a similar manner.

In fig. 129 is shown the combination of hooks and needles

as required for a double-lift machine with a single cylinder.

In this arrangement, as before observed, the needles have

two bends to enable them to operate two hooks each.

Fig. 130 is a similar diagram, illustrating the arrange-

ment of the hooks and needles in a double-cylinder

machine.
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8th. The needle-board and lintel-frame. It will be ob-

served that the needles are arranged horizontally in fig.

128. This position is requisite to enable them to be pre-

sented with their points directly opposite their respective

holes in the cylinder-face, and at the opposite end to the

springs, so that they may not work in any way improperly,

be deranged, or miss performing their duty. At the end
nearest the cylinder, therefore, there is arranged a per-

forated board, K, about half an inch thick and set on its

edge. It is of the same dimensions as the face of the

Fig. 130.

cylinder, and has a perforation for every needle. This

board is termed the needle-board. On the opposite side,

outside the last line of hooks, is a wire-grid or frame, L,

composed of vertical wires set with a small space between
them and crossed with a horizontal wire or two, thus con-

stituting small square spaces through which, in mounting
them, the ends of the needles are passed and pushed home,
leaving the looped ends supported in the wire frame as the

points are in the needle-board. This is termed the lintel-

frame.

9th. The spring-box, fig. 131. There still remains the
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springs, J, to be described. It has been shown what their

function is. They are composed of fine brass wire to pre-

vent destruction from oxidation. There is one for each

needle. The number therefore is considerable. In order

to maintain them in a proper position in relation to their

work they are arranged in a box composed of a block of

wood in which the requisite number of holes are bored for

their reception. These holes go through the block but

have a vertical wire pin let down through their centre at

the back, which prevents the spring being pushed out, and
against which it is compressed. Should the spring become
weak or break, by withdrawing the pin it can be easily re-

placed. The box is fixed horizontally in the frame in such

a position that, when the needles are pushed back by the

batten, their bent ends, G, shall compress the springs so

Fig. 131.

much that, when the pressure is removed, the springs

shall return the needles to their first position as previously

shown. This box is termed the spring-box.

The preceding description will have made clear to the

reader the function of the jacquard as an adjunct to the

loom, its construction and method of operation. The
example described and illustrated represents the one in

probably the most common use. For the sake of the

student we may, however, illustrate a few more types.

They need very little further description.

In fig. 132 is shown a single-lift jacquard of 400 needles

and the swing batten as before. This term is used to

distinguish this method of operation from the horizontal

motion. This machine is used for weaving silk, cotton,

and other goods where a high speed is not required, as it

is not adapted to work at more than 120 picks per minute.

It will be observed that it has only one cylinder.
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A machine of very high working capacity is shown in

fig. 133, which illustrates a double machine, 400 s
, having

two cylinders and batten actuated by the swing motion.

This machine is used for weaving cotton, linen, and other

fabrics that will permit of being worked at a very high

speed; it is capable of shedding 220 turns per minute,

though from 180 to 200 is what is recommended. As the

cylinders work alternatively it permits of this high speed

Fig. 132.

with less vibration than when a single-cylinder machine is

used.

Fig. 134 shows another double machine of the same
capacity, and for the same purposes as the last one. In

this the battens, instead of being swung from the frame as

in the preceding instances, have a horizontal reciprocal

sliding motion, termed the horizontal motion.

In fig. 135 is shown a machine of still greater capacity.
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This is a compound machine, with two cylinders, and
adapted to weave cross borders, that is, to put borders

into the fabric at specified distances according to require-

ment. It can be arranged to work as a double machine,

with the cylinders working alternatively ; or it can at

option be worked as an 800-needle machine, single lift, in

Fig. 133.

which case the cylinders are worked together. When
used as a cross-border machine, the cross-border cards are

put upon one cylinder, and the middle or ground cards upon
the other. The cylinders can be thrown out of or brought

into action according to requirement by the attendant

weaver, or by automatic action as desired.
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One more illustration will fully serve all necessities.

Fig. 136 shows a patent leno machine, a recent invention.

This is a valuable machine where leno or lace effects are

wanted. It may, therefore, be described at more length.

The leno or gauze weave has been sufficiently explained

in a previous chapter, and therefore need not be repeated

Fig. 134,

here. The machine, of which the illustration is a repre-

sentation, is used for weaving leno or gauze fabrics with

4 threads per dent of the reed. By casting out the neces-

sary hooks it can also be used with 3 threads per dent.

The machine has 612 hooks, 51 rows, 12 in a row, besides

selvage holes. Of these, 100 hooks are allotted to the
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doup harness
; 400 for the middle or figure harness ; and

100 for the warp-easing or slackening harness. This
disposes of 600 hooks and leaves a spare row. With these
600 hooks it is only necessary to use 500 needles, as those
allotted to actuate the doup hooks also each operate a
warp-slackening hook. The double duty these needles

Fig. 135.

perform is a great advantage, because a doup warp thread

can never be shedded without at the same time being

slackened to permit it to make its three-quarter twist

around its fellow thread. Thus both strain upon the warp
and the doup harness is perfectly avoided. Each dent of

the doup and the slackening harness is worked indepen-
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dently, so that several styles or patterns of leno can be

made in the same fabric if desired. There are two griffes

used in this machine, the original one to lift the doup and

figuring harness, and a small one to lift the slackening

harness. The first is lifted by the ordinary lever arrange-

Fig. 136.

ment, and an additional lever, the slotted one shown in
the middle of the upper part of the frame, arranged at
right angles to the large lever, lifts the small griffe.

Being constructed with an adjustable fulcrum, a consider-
able variation can be made in the lift according to require-
ment. For instance, suppose that the lift of the large
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griffe is 4 inches, that of the small one can be set at any
point, l-l and 2|. inches inclusive, so that as great a range

of variation is provided for as is ever likely to be required.

The slackening griffe is arranged to commence lifting

slightly in advance of the upward movement of the large

griffe, in order to slacken the leno portion of the warp in

advance of the lifting of the doups, and thus to prevent

either friction or strain. By this arrangement the wear
and tear of both yarn and healds is greatly diminished.

The machine is operated in the same manner as ordinary

single-lift machines, namely, by the lever shown on the

top of the illustration, which is connected by crank or

eccentric to the loom shaft. It is fitted with a simple and
effective reversing motion for the cylinder.

The machine is made with what are termed hooked
hooks, which permit any or all of the three harnesses to

be taken off. By removing the doup and slackening

harness, and using a 400 s cylinder, this jacquard is con-

verted into a 400 s single-lift machine for weaving ordinary

fabrics, and of a range of power commensurate with the

ordinary jacquard.

Until quite recently, however, one considerable defect

in the method of actuating jacquards remained without

remedy. It will have been observed throughout all the

preceding description that the jacquard griffes have been

lifted by means of horizontal levers which have their

fulcrum some distance away from the centres of the

jacquard. The consequence is that as the ends of these

levers in lifting the griffes and returning them to their

position pass through a small arc of a circle, and instead

of lifting them vertically, pull them against their guide

bearings inducing friction, wear and tear, and the expendi-

ture of considerable power in order to overcome it. These

defects having engaged the attention of Mr. Brierley,

manager for Messrs. Swainson and Birley, Preston, he

has endeavoured to remedy them and has succeeded. His

improvement is illustrated herewith, fig. 137, and, as will
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be seen, the horizontal levers are dispensed with
y a rack

and pinion arrangement taking their place. The machine

is actuated as before from the tappet shaft of the loom,

one end of which carries a crank disc to which the con-

necting rod is attached. The top of this rod is secured to

an adjustable link which is connected with the lower end

Fig. 137.

of a vertically sliding bar, the upper portion of which
constitutes a rack. Into this rack gears a pinion carried
upon the end of a shaft extending across the top of the
jacquard frame and supported upon it. Over the middle
of the jacquard frame, upon this shaft, is another pinion
which gears into the two racks as shown, and through
them operates the jacquard.

p
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It will be seen that the lift thus obtained is a perfectly

vertical one, and that connection between the two griffes

constitutes them each a counterpoise of the other, which
results in a much easier drive. The outside rack and
connecting rod find their counterpoise in the action of the

spiral spring shown.

The result may be summed up in a few sentences. The
driving, with this new arrangement, absorbs much less

power than under the old form ; wear and tear is greatly

diminished; all the destructive vibration through the

loom is obviated, by which the breakage of the warp yarn

is diminished ; and, not least, a much higher speed can be

obtained than from the old forms. These are claims that

ought to ensure the attention of manufacturers using these

machines.

The jacquard having now been described in such a

manner as we trust will render its principle, construction,

and action perfectly clear to the simplest understanding,

we may pass to a brief description of some subsequent de-

velopments, chiefly modifications and simplifications, of

the jacquard for more limited ranges of work. These are

generally known as dobbies, which are in reality small

jacquards.

The changes and improvements in the jacquard, which

finally eventuated in the production of the dobby, began

to appear comparatively soon after the jacquard had been

somewhat extensively adopted. One of the first of these,

and the first to which we have found the name of the

dobby attached, was an invention by Mr. S. Denn, of Spital-

fields. This was an important improvement, as it accele-

rated the shedding operation, and led the way to the

next improvement—the introduction of the double-action

principle in an invention patented in 1849 by Mr. Alfred

Barlow. This also was a considerable step in advance,

but showed some defects,which were subsequently obviated

by improvements made in 1855 and 1870. About 1858 a

German invention on the same lines was introduced into
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Lancashire, and a considerable number of machines were

made by the Blackburn loom makers during the succeeding

three or four years when the introduction of the manufac-

ture of bordered dhootie cloths for India took place. In

1867 the dobby assumed a more perfectly developed type

as a shedding appliance, in the invention of the Keighley

dobby by Messrs. Hattersley and Smith, than had been seen

before. This dobby, with some subsequent improvements,

Fig. 138.

has held a strong position to this day. Its construction is

shown in the accompanying illustration, fig. 138, which
also incorporates the improvement patented by Mr. J.

Eccles, of Preston, in 1877. It is on the double-action

principle, one cylinder carrying two sets of cards instead

of two cylinders with a set of cards each. The illustration

shows the working details divested of the frame for the

sake of clearness. Mr. Eccles's improvement consisted in
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adapting it to work intermittently, so as to make cross-

bordered dhooties, and in the intervals between their inser-

tion to permit the loom to weave plain cloth. The illustra-

tion shows a side elevation. The front crank lever, a, is

one of a series mounted upon the shaft, b, which is sup-

ported upon the machine frame. The long arms of these

levers are connected by cords, C, to the healds, the bent

arm, d, being connected to a vertical rocking-bar, e. This

bar is attached to two hooks or catches, F f, arranged hori-

zontally. These catches engage with the knives, or lifting

bars, G G, when they are not held out of contact by the

vertical rods, H H, which are connected with the weighted

levers, J. The knives with which the hooks engage are

carried upon and operated by the projections, e, from the

compound lever, l, carried upon a shaft, m, resting upon
the frame. The short arm of this lever is connected by
the rod, n

?
to a crank carried upon the tappet shaft of the

loom, and by this means an oscillatory motion is imparted

to it. The cylinder, o, is a hexagon, and is actuated by
the pawl, P, carried upon the lower arm of the vertical

lever, Q. This lever, through the connecting rod, r, being

actuated by the oscillating lever, l. Upon the cylinder

there is shown in side view an endless chain of lags, s, as

they are termed, these being strips of wood, each per-

forated with a number of holes for the reception of pegs,

which are inserted in such a manner as by their action to

produce the pattern required. These pegged lags are the

equivalents of the cards in the jacquard machines, and if

it were thought desirable could be substituted by cards.

As the chain travels around the cylinder the projecting

pegs upon the lags are brought under and lift the levers,

j, which through their connections raise the hooks out of

action* This it will be seen is the function of the cards in

the jacquard. ,

As we have described this dobby up to this point it is

as invented by Messrs. Hattersley and Smith, Keighley.

In Mr. Eccles's improvement, the first bent lever of the
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series, the one marked A, is diverted from the purpose we
have described, and is arranged to automatically arrest the

operation of the dobby, and permit the loom to proceed in

the weaving of plain cloth. It accomplishes this by being

made to lift the pawl, p, from its gearing with the ratchet-

wheel upon the cylinder by means of the connection, t,

shown between the pawl and the bent arm of the lever, A.

This at once arrests the action of the dobby, which remains

inactive until its services are further required.

There are several types of dobbies, which, however,

differ more in details than principle. There are single

lifts and double lifts, and different methods of operating

them. Some have the healds drawn down by springs, and
others by jacks or levers. Taken all round, however,

these differences are only different ways to the attainment

of the same results. Fig. 139 shows a loom mounted
with a dobby and its connection with the loom.

In this realm of the textile arts, there has, however,

recently appeared a most remarkable invention in the

shape of a dobby of exhaustless capacity of pattern varia-

tion, and that without the entailment of additional cost

upon the first expenditure upon the machine to produce

them. As it fell to the duty of the writer to carefully

examine and describe this invention, upon its introduc-

tion from Germany, he cannot do better than quote from
" The Textile Mercury " the article in which this was
done, and which appeared in that journal on October 17th,

1891.

This novel machine has been termed by its sole English

makers, Messrs. Robert Hall and Sons, Hope Foundry,
Bury, the patent cardless, automatic, cross-border, combi-
nation dobby. The following is the article referred to

:

" That the textile arts are very ancient admits of no dis-

pute. It is almost equally certain that ornamental weav-
ing was a very early development of those arts. The
numerous references in ancient and classic writers to

ornamental fabrics prove this beyond all question. It is
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not, however, until mediaeval times are approached that

existing divisions of the art begin to be recognized.

Amongst the most permanent styles of the present day
are those known as diapers and damasks. These come
into view in this country about the thirteenth century. It

is very probable that they are of much older date in their

origin than the time mentioned, as the latter have generally

been supposed to have derived their name from Damascus,
which was famous in ancient times for its textile manufac-
tures. In an English romance of the thirteenth century,

entitled ' The Squire of Low Degree,' we read of

" ' Damask white and azure blewe

"Well diapered with lilies new.'

The origin of diaper is more a matter of dispute, some
affirming that it is derived from the name of the city of

Tpres, thus cloth de Ypres, afterwards contracted into

the form we now know. Others contend that it is trace-

able to the Italian word diaspro, the jasper, which it is

supposed to resemble from its shifting lights. Though
entertaining, these are points which must be left to

antiquarians.

" Whatever may have been the material in which these

cloths were originally made, the terms long ago came to

mean the character of the weave, and thus we now have

linen and cotton diapers, silk and linen damasks, and
practically both these weaves are one. Diaper generally

signifies a cloth covered with geometrical figures, scroll or

lattice work, small flowers and other like devices. Damasks
have larger and more elaborate patterns. This descrip-

tion roughly defines the character of these kindred types

of textile fabrics.

" The means employed to produce these figured fabrics

in ancient times have not come down to us, but from late

mediaeval times it appears to have been the draw loom.

After this the jacquard machine came into use, and subse-

quently its modification the dobby, the latter for the



Fig. 139.—Loom mounted with Dobby.
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smaller and simpler diaper patterns mostly. Several

other, now disused, appliances intervened. In damasks,
however, the jacqnard continued to prevail, notwithstand-

ing its great drawback in the shape of cost for cards, etc.

There has for a long time now been a steady and con-

tinuous movement, endeavouring to diminish this item,

which has been attended with a great degree of success,

in the invention of repeating motions by which the number
of cards required has been greatly reduced in both diapers

and damasks. Still there has been room for further

advancement, and now we have to record and describe an
invention that, so far as diapers go, will dispense with
cards altogether.

*' The invention under notice removes this great obstacle

out of the way by reducing the cost to a point not worth
mentioning, by providing the manufacturer with an ap-

pliance by which he can produce an innumerable quantity

of patterns at one first cost of a few shillings, where by
all other known appliances it would be hundreds, indeed

we may write thousands, of pounds in the matter of cards

alone. The dobby we now introdnce to the notice of our

readers will weave a large bordered serviette or table-

cloth, with a cross border, automatically and absolutely

without the aid of cards. The manner in which this is

accomplished is as follows : All diaper patterns, such as

we see in ordinary linen table-cloths, serviettes, and kin-

dred articles, are combinations of four-shaft twills or five-

shaft satins, and the various patterns are formed by floating

the warp threads in one position, whilst the weft threads

are depressed, and vice versa, this being done in a certain

well-defined order that gives the desired patterns. In

this invention the needles are arranged in sections of four

or five, as the case may be, and each set is raised or

lowered, according to the requirements of the pattern.

When they are raised, the weft is thrown upon the surface,

and when they are lowered the weft is depressed, and the

warp brought up. This result is obtained by the cylinder
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faces having two rows of holes, one arranged for warp

effects, and the other for those obtained by the weft. The
cylinder is constructed with as many faces as there are

picks to the round; if a four-shaft twill, there are four

faces ; if a five-shaft satin, there will be five faces. The
needles actuate the hooks of the dobby, and raise the

healds in the ordinary way. The needles are raised and

lowered by small pattern chains, composed of high and

low links. These links act upon levers fixed to slides,

which have holes drilled in them so as to form guides to

the ends of a set of needles. One link in the chain con-

trols the needles for one revolution of the cylinder, and
thus puts in four or five picks, as the case may be. By
this arrangement the number of links is reduced one-

fourth or one-fifth of the number of cards that would be

required with ordinary arrangements. But even with this

reduction, the chain composed of these links would need

to be of great length in order to make a long serviette or

table-cloth with cross-border, and do it automatically.

But here, again, the ingenuity of the inventor has served

him well, for when one pattern has been completed, by an
ingenious device the movement of the chain is reversed.

By repetitions of these movements the entire centre of a

serviette or table-cloth, no matter how long, can be ob-

tained from a few links of the chain. We now come
to the cross-border, in making which the inventor has

adroitly availed himself of the reversing principle just

noted. To the portion of the pattern chain that forms

the centre of the fabric is attached a second part, the

whole forming an endless chain, though it is not called

upon to make a complete traverse. The second part of

the chain is arranged to form the cross-border. When
the centre part has been completed this border chain

comes into action and controls the working of the healds

until the border is made. This completed, and the mar-
ginal parts woven, a reversing motion sets the border
chain upon its return movement, during which the com-
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mencing border of the next serviette or table-cloth is

woven. These chains are carried npon a barrel. Thus,
it will be seen, these pattern chains are reduced to the

smallest possible minimum. The invention is shown in

fig. 140.
" The cylinder is actuated in the ordinary manner by a

Fig. 140.

peg wheel and catch, and by a wheel on its aids communi-
cates motion through a carrier wheel to a chain barrei in

such a regulated manner that the barrel moves the chain

one link for every complete revolution of the cylinder.

This is done by means of a peg or ring wheel acting upon

a star wheel, carried upon the shaft of the chain barrel.
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The reverse movement of the pattern chain is obtained by
means of another chain, which may be termed a governing

chain, carried npon the same shaft as the chain barrel.

When a high or tappet link occnrs in this chain, it acts

through a lever and clutch upon a peg wheel, placing it

in gear with another star wheel, which controls another

chain, called the reversing chain, and moves it forward

one link. If the link succeeding the one moved forward

is a duplicate of the one sent on, no reversal takes place

;

but if it is either a higher or a lower one, then the pattern

chains are caused to reverse their movement by the opera-

tion of a lever acting on a clutch, which controls the move-
ments of a double peg wheel that by this action is taken

out of direct gear with the pattern chain barrel, and put

into gear indirectly with it through a pair of spur wheels.

We have now followed the mechanical construction of this

remarkable invention as far as can be done with clearness

and interest without the aid of numerous and elaborate

diagrams, and will now invite attention to its capacity in

the production of patterns.

" In order to show what the inventor has achieved, we
may observe that to make a serviette of ordinary length

automatically, about 1,000 punched cards are required,

and for a table-cloth, from 2,500 to a much larger figure,

depending upon its size. And these quantities of cards

would be necessary for every separate pattern, whereas by
this machine only four or five small endless chains, about
sixteen inches long, are required. These chains will not cost

more than Is. 6d. each, or 7s. 6d. for a set of five, and
they are, of course, supplied with the dobby itself, and
will never need renewing.

" The wonderful capacity ofthe machine is discovered in

the use the inventor has made of these chains. The series

are numbered consecutively, 1, 2, 3, 4, 5, and the inventor

manipulates these as the ringers in a church-steeple do a

peal of bells. By, as it were, ringing the changes upon
them he obtains the most surprising kaleidoscopic effects
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in the 120 patterns that can be produced from the first

arrangement without altering the positions of the links in

the chains, the only change required being the alteration

of the position of the chain, which can be made from one
pattern to another in a single minute, and without cost.

In the ordinary arrangements, in which cards are used, the

change would require several hours to make, and entail a

great expense. Take the case of the range of patterns,

120 in number, that can be produced from a primary
pattern, and all beautiful and varying as the figures in a

kaleidoscope: the punched cards of these alone would
cost £300, the blank cards themselves costing £1 per

1,000.

"But this is far from exhausting the pattern-producing

capacity of the invention. We see no reason why one,

two, three, or four more chains should not be introduced,

in which case, from every primary pattern for which the

chains were first arranged, the astonishing number of

362,880 patterns could be evolved. As the primary

patterns could be varied as often as desired, it will be

clear that the variety obtainable, and this practically at

no expense, would run into many millions. We question,

however, whether there is not an illimitable field even

beyond this, which is yet unexplored. All these come
out of the first arrangement of the pattern chains, in which

the tappet links are placed in a horizontal line. By ringing

the changes on the positions of these links, it is probable

that an incalculable number of further variations could be

obtained. But, as we have said, this is yet an unexplored

field, which must therefore be left with this suggestive

conjecture.

" We invite the attention of all classes of textile manu-
facturers to this invention, which we believe to be per-

fectly unique, and of inestimable value to them. It opens

new realms of design to every one of them, which they

can explore at quite a nominal expenditure, a fact that

will be more likely to command their attention than any
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other quality we can name. The linen, cotton, silk,

worsted, and woollen trades, will, we believe, find it of the
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Fig. 141.—Patterns made upon the Cardless Dobby.

greatest value, and, where not directly useful, it will be

capable of easy adaptation to all special requirements.

Messrs. Robert Hall and Sons will be pleased to show
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interested persons a loom at work with this invention

applied, and also specimens of the work produced ; and

any other information may be obtained on application to

them as above."

Fig. 140 gives a very good representation of the machine,

and fig. 141 shows a few of the patterns produced upon it.
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CHAPTER VII.

The Development of the Picking Motion.

The limited picking power of the loom.—Its development re-

quired for cross-stripes and checks.—Robert Kay's invention of the
drop-box.—Its working described.—The hand-loom lay with drop-

boxes at each end, illustrated.—Dr. Cartwright's power-loom
multi-chambered shuttle-boxes.—Duncan's suggestion of drop-

boxes.—Morison's, and Naylor and Crighton's patents.—Luke
Smith's revolving boxes.—Gradual supersession of the hand-loom
by the power-loom ; suffering incident thereto.—The manufacture
of hand-loom fancy goods the latest to be affected.—Their decay
and final extinction by the improvements of the power-loom.

—

Final disappearance of the hand-loom cotton weaver.—Steady
expansion of the shedding and picking capacity of the power-
loom.—Diggles chain motion for drop-boxes.—Wright Shaw's
check loom, 1868.—Shaw's further improvements, 1887.—The im-
proved loom described and illustrated.—Further improvements in

1889.—Hall's revolving shuttle-box loom, illustrated.—Conclusion
of the subject.

HAVING traced the development, and sufficiently

described the shedding capacity of the loom, the

growth of its picking powers may now be shown at some-

what less length. This capability, whilst very great, is not

at all commensurate with the former. The shedding capa-

city rings, as it were, a wonderful series of changes upon the

warp threads, and binds the beautiful pictures so created

upon the fabric by the weft threads, as put in by the

simplest arrangement of the picking power in use, the

one shuttle reciprocating pick. This suffices for the most
elaborate work that can be produced by the shedding

capacity of the loom. It is only when another class of

effects is desired, namely, transverse stripes of different

materials or colour, that increased picking power is de-

manded from . the loom. Striped textile fabrics are best
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and most economically constructed with the stripe parallel

to the length of the fabric, and formed by the introduction

of the striping material into the warp. For all the

varieties thus made the ordinary picking motion suffices.

But sometimes, though rarely, a transverse or cross-over

striped effect may be wanted, and then an extended picking

capacity is needed. Verymuch oftener a new series of effects,

termed checks, in which warp stripes are crossed by weft

stripes, are required, and as these are of almost infinite

variety, it is for their production that the inventor has

been called upon to provide the means.

Checked fabrics are probably as old as the art of

weaving, or very nearly so. This knowledge will have

been gleaned already by the careful student from the pre-

ceding chapters, therefore the ground need not be gone

over again. When, as has been seen, John Kay made his

great improvement in the art of weaving by the invention

of the fly-shuttle and new method of picking or throwing

it through the warp, he provided receptacles at each end

of the slay or lay for the reception of the shuttle, in sub-

stitution for the weaver's hands, which had up to that time

received it. These were termed the shuttle-boxes, and as

will be obvious, they could only take one shuttle at a

time. A weaver, therefore, who was engaged in making
checked fabrics, especially if the changes of material or

colour were frequent, would find little advantage in Kay's

invention, as the changes would have to be made by hand

almost as before. The fact that it was twenty-five years

or more from the time of John Kay's invention before the

picking capacity of the loom was further improved, to

enable it to form transverse stripes, or assist in the pro-

duction of checks, shows how intellectually slow were the

generations of the first half of the last century in the

matter of mechanical invention ; or, otherwise expressed,

how feeble, if existent in other individuals at all, was the

faculty* The improvement was made by John Kay's son

Robert, a little before or in the year 1760. There is no
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record of this invention having been patented
;
perhaps

Robert was fully aware of the practical valuelessness of a

patent for protecting an inventor's interests, as illustrated

in the experience of his father. The invention consisted

at first in the addition of a second shuttle-box at one end

of the lay for the reception of a second shuttle containing

a different material or colour of weft. Necessarily these

boxes needed to be movable to requirement, and were

therefore imposed one upon the other, or otherwise were

made of a single box with twocompartments. Thiswas placed

within a frame at the right hand of the lay, and mounted
upon vertical guide rods. Its range of motion was such that

either compartment could be brought into a straight line

with the shuttle race, thereby allowing the shuttle it con-

tained to be brought into use when required. This

arrangement was generally known as the drop-box, because

the box not in use was ordinarily kept below the level of

the shuttle race. To the top of the double box a cord

was attached which extended upward to a horizontal lever,

to which it was connected. This lever was pivoted near its

centre upon a small bracket fixed upon the arm of the lay.

From the second end of the lever a cord descended to

another horizontal lever, arranged just over the lay cap,

the free end of which came within range of the hand of

the weaver operating the lay, thus, through the connections

described, bringing the boxes within the control of the

weaver. When work was commenced the weaver would
place the shuttle containing the wefts to be used in their

respective compartments or boxes, as they are called, and
begin his work with the first the pattern required. This,

it may be assumed, was the one in the top box. With this

he would work as long as the pattern demanded ; and,

as there was only one box at the second end of the lay,

when done with it would have to be returned to its original

receptacle, in order to leave the way of the other clear

from any encumbrance. A change having then to be made,
the weaver, without any cessation of his work, by a finger

Q
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or thumb of the hand upon the lay cap pressed down the

lever close to it, and through its connections raised the

shuttle-box so as to bring the lower compartment in line

with the shuttle race, and thus allow its shuttle to be

brought into work. The movement by which this was
accomplished at the same time carried the first box and its

shuttle outside the range of action of the picker. The
weaver, by keeping his finger upon the finger lever by
which he had effected this change, maintained it as long as

required. When this was a considerable time, say several

minutes, it was usual to keep down the lever by means of

a detent, or catch, which was brought to bear upon it.

The demand upon the contents of this shuttle having
terminated, the former condition was restored by the

weaver allowing the finger lever to rise, which permitted

the shuttle-boxes to drop into their first position, when
the shuttle first used could again be brought into work.

The operations were then continued according to the

requirements of the pattern.

The above description will make it clear that a stripe of

two picks wide, formed by an outward and return passage

of one shuttle, might be put into any fabric, or they might
consist of any even number of picks in regular order, or

in such varied order as might best conduce to the attain-

ment of an attractive design : these always limited, of

course, in this simple arrangement of the duplicate shuttle-

box by the carrying capacity of two shuttles, which is

merely two colours or materials.

This invention opened out a vista along which its

principle could be much further extended, and the boxes

were therefore soon increased to three or four, and were

also duplicated at the opposite end of the lay, this obviating

the necessity of always returning the shuttle to the box

whence it had started before another could be used, and

so enabling the weaver to insert a single pick, or any odd

number of picks as might be required, with the same

facility as he had done two or any other even number
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before. From this was derived the modern pick-and-pick-

loom, a loom little known in the cotton trade, but in exten-

sive use in the woollen and worsted industries.

In fig. 142, a, is shown a front view of a hand-loom lay

fitted with three boxes, A A, at each end. These are connected

by cords to the horizontal levers, B, and from the opposite

ends a connection is established with the finger lever C.

Both sets of boxes being connected to this lever are elevated

simultaneously when the lever, c, is pressed down. The
weaver operates the lay with his left hand, the right being

employed to throw the shuttle. Placing his hand near

Fig. 142.—Hand-loom Lay with Drop-boxes.

the centre of the lay cap, d, his thumb is in contact with

the end of the lever, c, or may be actually upon it. When
the requirement for a change of shuttle comes round he

presses down the lever, brings up the desired box with

its shuttle, and maintains it there until another change is

made. This simply illustrates the principle of action em-
bodied in the most highly developed box power-loom of

the present day, as will be seen later on.

It is not necessary to trace in minute detail the develop-

ment of the picking capacity in connection with the hand-

loom after having thus shown its origin and delineated its

principle. The great rival and successor of the hand-loom
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was upon the doorstep as it were. Dr. Cartwright, the

inventor of the power-loom, after, as he says, having in-

vented his first loom and then condescended to go and see

a hand-loom weaver at work, learnt a great deal from the

inspection, one of these things no doubt being the existence

of mnlti-chambered shuttle-boxes, with which, it will be re-

membered, he had not attempted to provide his first loom.

But, as has been seen, no difficulty, however great, deterred

him from endeavouring to overcome it. It is not surprising,

therefore, to find that in his patent of 1792, the last he took

out in connection with his loom, he provided these boxes.

Instead, however, of arranging them in vertical order, he

placed them side by side, providing mechanism to give

them a horizontal movement backward or forward accord-

ing to requirement. This, however, does not appear to

have been successful, as little or nothing was afterwards

heard of it. In fact, the doctor's loom in its best form was
too crude and imperfect to justify any attempt to render it

still more difficult to manage by adding to its complexity

mechanism to perform more than the simple process

of weaving plain fabrics. The science of mechanics was
too young, and the art of machine construction far too

crude and rough at that date to permit of the successful

embodiment in a machine of all the doctor's brilliant con-

ceptions.

Thirty years of slow progress had to pass away before

multiple shuttle-boxes became a practicable reality in the

power-loom. Still it appears they were successfully intro-

duced on the type of Robert Kay's plan, termed the drop-

box, but when or by whom we have not discovered. Mr.

Barlow in his " History of Weaving," referring to this

matter, says :
" It seems, however, not to have been car-

ried out successfully until many years afterwards, for, in

1830, Mr. Duncan states, in an article in the 'Edinburgh

Encyclopaedia,' that it appeared extraordinary that no plan

for that purpose had yet been adopted, and he therefore

suggested one. His contrivance consisted of five shuttle-
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boxes placed upon the outside segment of a cylinder, and an

arm connected thereto being brought into contact with a

series of studs or projections placed upon a ratchet wheel,

which, being turned by the loom, caused any required box

to be placed under or in line with the picker." This in-

troduces the principle of a revolving arrangement of the

boxes. It seems, however, almost incredible that the

simpler form of the drop-box system had not come into

use before then, as in 1836 James Morison took out a

patent for actuating a system of boxes in conjunction with

the working of a jacquard on an improved plan. In this

the boxes seem so numerous, and the working arrangement

so complex, that it is fair to assume that they must, on a

smaller scale and simpler plan, have been at work for

a long time. Three years later, Naylor and Crighton, two
inventors, jointly patented an improvement for actuating

the drop-boxes of a loom.

On November 16th, 1843, a patent was granted to Luke
Smith, for "the construction of a revolving shuttle-box,

containing a number of compartments arranged round the

axis of the box, each of which is formed to hold a shuttle."

This realizes the principle just named. On the axis of the

shuttle-box two plates were fixed, each having three pro-

jections, or catches, which corresponded in number to the

compartments in the shuttle-box. These catches were
actuated by two levers on a stud fixed in a bar attached

to the breast-beam ; one lever turned the shuttle-box in

one, and the other lever in the opposite direction. The
levers were brought into operation by studs on a belt

attached to a drum which was turned by a ratchet-wheel

and lever, actuated by the lay.

These details show that between 1830, if not before, and
1845, both drop and revolving boxes had been successfully

adapted to the power-loom. We say adapted, because the

first if not both had long enough been in use upon the

hand-loom.

Eor the first twenty years of the present century the
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power-loom, owing to its numerous defects, had only made
little progress. In 1813, there were only 2,400 in all

Great Britain, and a rather large proportion of these were
Robert Miller's " Wiper" loom, as it was called. In 1817,

there were only 2,000 in Lancashire, half of which were
unemployed. But the slow process of improvement was
now beginning to make it a formidable competitor of the

hand-loom. From the opening of the century to 1820 the

number of hand-looms had probably ranged between

250,000 to 300,000, employing probably 400,000 to

460,000 persons. The greatest proportion of these looms

were, of course, engaged upon the manufacture of plain

fabrics, and it was these that first fell beneath the compe-
tition of the new loom. In the year 1823, Mr. Guest, one

of the early historians of the cotton trade, estimated that

there were 10,000 power-looms in England alone. These

supplanted a much larger number of hand-loom weavers.

The process was one purely of supplanting, as under the

commercial regime then existing there was not much room
for the extension of trade in old, or the opening up of new
markets, as tariff" laws made it impracticable to accept for

cotton goods such productions as foreign populations could

offer in exchange. Eor several years, the displacement of

the hand-loom by the power-loom went on at an accelerated

rate, as in 1825 the number of the latter had risen to

30,000, reducing wages and throwing large numbers out of

employment. The bad harvests and commercial panic of

1825-6 suddenly and heavily accentuated this trouble, and

led to the rise of the weavers in semi-rebellion, the result

being the loom-breaking riots by which that period was
distinguished. Thus the second chapter in the history of

the new industry became a singular reflection, both in

causes and consequences, of the first. In the last-named, as

we have seen, the invention of the spinning-jenny, the

water frame, and the mule displaced the services of the

hand-wheel spinners, and led to rioting and serious disorder.

This, however was not so severe and prolonged as that
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which sprang from the power-loom's displacement of the

hand-loom and the weavers who wrought upon it. The
namber of the latter was far larger, and the processes of ex-

tinction and absorption were much slower. Better harvests,

and an improvement in trade during the year or two after

the riots we have named, softened the transition from the

manual to the mechanical system, the younger people and

the children taking to the new occupation, and so by their

earnings compensating to some extent for the loss of those

of their parents. By 1833 the number of power-looms had

risen, in England to 85,000, and in Scotland to 15,000. At
this time a power-loom weaver, assisted by a child of twelve

or thirteen years of age, could attend to four looms, and
weave eighteen pieces of 9-8 shirtings per week as against

two pieces of the same by a hand-loom weaver. This was
the death-warrant of the plain cloth hand-loom weaver.

This great change was brought about immediately by the

invention of the Blackburn loom by the late William

Dickinson, which was first made at the Eagle Foundry,

Blackburn, in 1828. Before 1840 this, which had been the

largest branch" of the hand-loom weaver's occupation, was
extinct, and the younger portion of those who had followed

it had been absorbed in the new system, the middle

generation utilized as labourers in the mills, whilst the

oldest had become dependants upon the younger members
of their families or had sought refuge beneath the wings of

public charity.

There was one considerable section of the industry how-
ever which, up to this date, had not been much affected,

namely the manufacture of stripes, checks, spots, and
figured fabrics, comprehensively termed the fancy trade.

The weavers in this branch nattered themselves that these

goods could never be made upon the power-loom, and that

their occupation could not be successfully assailed. In

this they were of course mistaken. No sooner was the

loom made approximately perfect for the production of

plain goods than inventors set to work to develop its



232 COTTON WEAVING.

capacity in the production of fancy articles. These attempts

began about 1820, and though little progress was made
during the first ten or fifteen years, it was quite sufficient

to justify a continuance of effort. One problem after

another got solved, and every year that passed saw new
territory conquered from the hand-loom and annexed by
the power-loom. By 1850 it became obvious that the ex-

tinction of even this branch of the old industry had been
brought within a measurable time. The adoption of a

free trade policy by the country accelerated its arrival, and
the American Civil War gave it its coup de grace. At that

time the sole surviving demand for hand-loom muslins

came from the Western States of the Union and from
Canada. That from both sources was destroyed by the

war. The small number of hand-loom manufacturers who
had remained in the trade closed up their businesses and

transferred their capital to other industries, or retired from

active commercial life. A few entered the new cotton

trade as employers, and as long as they lived kept their

old weavers around them as semi-charitable dependants.

Time, however, speedily diminished their numbers. The
Ribblesdale valley from Preston to Clitheroe was the

locality in which they lingered longest. During the

years 1885-90 perhaps three or four might have been

found in the neighbourhood of Longridge and Bibchester.

One of these whose craft had abandoned him was brought

from his retirement in the almshouses at Knowl Green,

near Stoneyhurst, to the Manchester Jubilee Exhibition in

1887, where, in the " Old Manchester " section, he plied his

craft to show modern weavers how their forefathers used

to work. From a conversation with him, the writer

gleaned that he was an octogenarian, and, as far as he

knew, he was almost the last survivor of his industrious

race. It is doubtful now (1894) whether a single one sur-

vives. Thus passed away a type of industry, picturesque far

beyond its successor, that from 1750 to 1850 found em-

ployment for several millions of people. Though it has
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only just disappeared, it has hardly left as many footprints

behind it as have the Roman legions that sixteen or seven-

teen hnndred years ago tramped over the country in which

it was carried on.

The causes of this disappearance of the old form of the

weaving industry were the invention and steady expansion

of the capability of the power-loom, as seen in the improve-

ment of its shedding and picking powers. In reviewing

the development of the latter it is only intended to make a

brief allusion to the various inventions that have proved

steps to the highest and most recent achievements that in-

ventors have made. The latter seem to leave little to be

accomplished or even desired, and of these a fuller descrip-

tion may be given.

It has already been stated that James Morison took out

a patent for actuating the shuttle-boxes by connection with

the jacquard. This was an important invention in its sug-

gestiveness, as it indicated the principle by which any kind

of action of the shuttle-boxes could be obtained according

to desire. Whether immediately subsequent inventors

utilized the plan or not does not matter much now, but it

is certain that it has proved the most successful of all

principles in the actuation of boxes.

The invention by Luke Smith of the revolving system of

boxes has also been already referred to. He appears to

have been the pioneer in the construction and application of

this plan to power-looms.

On January 11th, 1845, a patent, No. 10,462 was granted

to Squire Diggle for an invention which has proved to have
been of the highest merit, having held its ground almost

to the present day, and which has been known ever since as

Diggle's chain motion. The chain, which is the feature of

the invention, is constructed of a number of plates or cams
of different shapes and sizes. The length of the chain de-

pends upon that of the pattern. Each cam or link consti-

tutes a tappet for a certain box, and any box can be kept
in action by repeating the cam which first brought it into
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position. Also any box, whatever be its position, can be
brought into action by a cam of the requisite size to raise

or depress it to the position needed from the one it occu-

pies at the moment. The invention incorporates the prin-

ciple of the jacquard.

The next advance of considerable importance in this

direction consisted of the improvements made in the drop-

box check-loom by Wright Shaw, and covered by patent

No. 2219, July 14th, 1868.

The first of these consisted in the introduction of

double-acting levers, reciprocating in opposite directions

and acting in combination with a bowl mounted on one

of the levers, which was caused to slide in a lateral direc-

tion by a lever motion, governed by the pattern chain, so

as to bring the bowl in contact with one of two tappets of

different diameters, thereby giving movement to the double-

acting levers and bars suspended from them, and which
were provided at their lower extremities with notches or

teeth. When in contact with either of the tappets, the

bowl was held or locked in position by means of a finger

attached to the lever motion, which caused the bolt to

slide. The second was an improved construction of the

box-rod, the lower part of which was provided with a

series of notches corresponding with those on the sus-

pended bars. The pattern chain through these bars gave

the required motion to the drop-boxes. The third was

an improved method of actuating the chain ; and the

fourth an apparatus for varying or retaining at require-

ment the number of picks from any one card. The
same patent also covered a number of other improve-

ments of a minor character. The whole, in their effect,

constituted a large advance upon what had gone before,

and " the Wright Shaw loom," as it became known,

soon took a leading position in the estimation of the

trade. It was extensively adopted, and still continues

largely in use. Students who desire to learn more of

its details will find them given at length in the patent
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specification, the number and date of which are given

above.

A few years ago the same inventor made further im-

provements upon this loom, and which appear to have

left little space for future progress. As now constructed

our illustration (fig. 143) gives a good idea of its general

Fig. 143.

—

Shaw's Drop-box Power-loom.

appearance, whilst the group of illustrations in fig. 144

exhibit the various parts and explain their functions.

The object the inventor had in view was to simplify the

construction of the drop-box motion, and to bring its

principal parts within cognizance of the eye and easy

reach of the hand of the weaver, by which liability to

derangement would be diminished ; to facilitate access to

the working parts ; to increase production ; and to econo-
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mize space. The details by which these ends are accom-
plished are shown in the group of illustrations under the

general number 1-44. They are, however, numbered with

subordinate numbers, from 1 to 6, and these are used in

ciF/lcu. 2.

Fig. 144—Shaw's Drop-box Loom (details).

the description. These ends he accomplished by re-

moving the pattern cylinder, A (figs. 1, 4), and the hori-

zontal rods, b, C, D, in same figs., from the bottom of the

loom, where they are usually placed, to the top of the

loom frame to which in the alteration they are bracketed.
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The construction was simplified by dispensing with two

pf the pegged cylinders usually employed. The swivel

bracket, e (figs. 1, 4), formerly attached to the outside

of the sliding rods, is now fixed upon the top of an

upright shaft, f, to the bottom of which is attached a

second swivel bracket, G (fig. 2), which moves the " boot-

jack " into or out of gear. The pattern chain, I (fig. 1),

is economized by mounting a disc, K (figs. 1, 3, 4), upon
the peg cylinder, L. On one face of this disc are a number
of pegs, M, which, by the oscillation of the cylinder bracket,

N, are brought within reach of the hook, o, which causes

the disc to make a portion of a revolution. On the oppo-

site side of the disc, K, are a number of screw-pins, p

(figs. 3, 4), which in the revolution of the disc are brought

into contact with a stop, Q (figs. 3, 4), fixed to the frame.

When this occurs a second disc, or spider-wheel, R (fig. 4),

of similar construction, fails to get within reach of its

hooked catch, s, and thus the pattern cylinder, a, is arrested

in its revolution, which permits the pattern on the card

facing the horizontal sliding rods, b, c, d, to be repeated a

definite number of times, until the omission of one of the

screw-pins, p, allows the bracket to beat up its full distance,

and the catch, s, to fall into gear with the spider-wheel, R,

and by giving an eighth of a revolution to the cylinder, a,

to bring up a fresh card and to make the required change.

By this arrangement a pattern card can be made to repeat

itself four, six, eight, or twelve to twenty-four times. This

effects a great economy in the length of the chain.

The arrest of the normal movement of the cylinder

bracket is also effected when one of the screw-pins, p,

comes against the stop of the cam, 11, shown in fig. 5.

This cam actuates the lever, 12, which in its turn operates

the cylinder bracket. It is made with a groove, and the

bowl, 13, on the lever, 12, is mounted in a sliding fixing,

14, on which the plate-spring, 15, presses, allowing the

lever to give way, although the bowl, 13, still keeps

travelling in the groove. By this means the ball weight
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usually employed is dispensed with. The same effect

follows when the lever, 12, is held down by the ordinary

action of the weft-fork motion when the weft thread

breaks or runs out.

The lever, t, attached to the central sliding rod, C

(figs. 1, 4), is mounted on a tube, u, through the centre

of which passes the upright shaft, F (fig. 1, marked with

dotted lines in its upper portion), and on this tube is fixed

the short arm, v (fig. 2), connected by the link, w, to the

lever, x, which carries two short plate-springs, T, z. When
the two outer sliding rods, b and D (fig. 4),' are working
for a single lift of the shuttle-boxes, only the spring, z,

just above the bowl, 2, acts upon the boot-jack lever, 1,

and prevents any jumping of the boxes when working at

high speeds. But when the central sliding rod, C, comes
into action, the arm, v, on the tube, u (fig. 2), acting on

the spring-lever, x, removes the spring, z, from the boot-

jack lever, and causes the spring, T, to act on the same a

point further from the fulcrum, by which it exerts an

increased pressure when a double lift of the shuttle-boxes

is being made. At the lower end of the tube, u, is fixed

the fork, 3, for throwing the double-lift cam into or out

of gear.

For a long time great drawbacks to the use of rising or

falling boxes for checking purposes were experienced in

the wear and tear caused by the fall of the boxes from one

position to another, and the large amount of power re-

quired to raise them, especially when " skipping," that is,

passing over more than one box in a single movement,

took place, and which arose from there being no counter-

poise. These have been overcome by Mr. Wright Shaw
in a simple manner. Two long helical springs, 5 and 5',

have been introduced ; one is attached to the loom frame

at the back, and the other to a horizontal bracket, 6, fixed

to the foot of the vertical rack which carries the shuttle-

boxes. The two springs are connected by a strap, 8,

passing over a small carrier-pulley. In an instance like



THE DEVELOPMENT OF THE PICKING MOTION. 239

this long springs are an advantage, as they enable the

strain incident to working to be distributed over a con-

siderable length. On the side of the shuttle-box rack a

projecting flange, 9 (fig. 6), is fixed, against which the

action of a stud or projection throws back the rack, re-

moving it from its gear with the pinion when it is desired

to readjust the boxes. The same thing occurs when any

derangement of the working parts takes place. The
flexibility thus secured very effectually prevents the

breakages that often occur where no such provision is

made.

In fig. 1 it will be seen there are two spring hand-levers.

The ordinary one is for transferring the driving-strap to or

from the driving-pulley, whilst the second is to control the

pattern-card motion. In operation the weft-fork motion

controls not only the strap lever, but also the lever in

front of the illustration, which through its connections

governs the action of the pattern-chain. This arrange-

ment gives the weaver great facility in securing correct-

ness in the patterns, which is a very important matter in

the manufacture of checked goods.

This loom as we have described it, was shown in the

Jubilee Exhibition at Manchester, and very deservedly

excited a great deal of interest. Its author, however,

under the restlessness which distinguishes a full measure

of the inventive faculty, could not leave it alone, and

within the next three years introduced several further

improvements, having for their object increased simplifi-

cation, to be attained by removal of every part of the

mechanism which the closest study might discover could

be spared. The result was that two or three further

modifications of a very useful character were made.

The first was the introduction of a new pattern arrange-

ment. The front spring lever handle seen in the illustra-

tion, as previously described, is the pattern rod lever,

which has an attachment extending across the frame of

the loom in front of the swing rail. On the end of this
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rod is a projection which is made thick towards the end in

order to bring it nearer to its work. When the loom is

at work this is held out of action by the pattern rod
handle standing in its detent. When the weft breaks, or

is exhausted, the weft-fork lever pushes both the spring

handles out of their detents, and the change of position of

the pattern handle instantly carries the projection at the

end of its rod to a position which immediately stops the

revolution of the pattern chain. Though the loom may
run a pick or two further, the pattern chain remains in the

right position for immediate resumption of work at the

point where the weft broke, thus dispensing with the

general requirement for readjustment and the loss of time

usually involved, and also the risk of damage or deprecia-

tion of the cloth when this is not accurately done. The
manufacturer of these classes of goods will fully appreciate

the value of this improvement. Better work and a greater

production are the outcome.

Another useful change was made by the introduction of

a single-lift cam placed upon the end of the picking shaft.

This cam has an eccentric cast upon the end of its boss,

which does away with one setting point, the eccentric

having previously had to be set separately and in perfect

harmony of movement with the cam, which was a task not

easy of accomplishment. The combination of these two
parts left the interior of the loom perfectly free from

every encumbrance, and available for tappets, twill motions,

jacquard harness or any shedding appliance that it may be

desired to introduce. The picking mechanism is entirely

placed outside, thus becoming much more convenient of

access.

The eccentric just named has a groove cut into its

periphery into which a connecting rod descends, its end

thus acting as a retainer of the clip in its position. The
upper extremity of the connecting is attached to a sliding

and rocking bracket, which is grooved in its upper part.

By this groove it is attached to a bell-crank lever on
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the extremity of which are cast two studs, upon which

the bracket is placed. The bell-crank lever carries a

fixed bolt, to which is attached, through a connecting rod,

the pattern rod and the mechanism it governs.

We may now very briefly deal with the revolving

shuttle-box. Though extensively used in the worsted

districts, the revolving box-loom is not an important one

in the cotton trade. It is so called because, as has already

been explained, the shuttle-boxes are arranged round the

circumference of a circle, and revolve on a shaft or axle

forming the centre or axis. The two illustrations, figs.

145 and 146, the first showing the general appearance of

the loom carrying revolving boxes, and the second their

mounting and details, clearly explain the mechanism. The
parts referred to are lettered alike as far as this can be done.

The shuttle-boxes are mounted around the shaft or axle, a,

which is arranged in a suitable frame in such a manner as

to permit it to revolve freely. Round the boxes at the

end nearest the reed a metal ring b is introduced, on the

outside of which is fixed a second metal ring, with an
arrangement to form a brake upon the ring b, in order to

prevent the boxes going too far when put in motion.

The boxes are actuated by two hooks, C c 1

,
placed at the

end opposite the one just mentioned. These hooks are

placed one on each side of a pegged disc, d, and have an
intermittent ascending and descending movement. The
position of the boxes is changed in the descending motion,

the ascending one being simply to place the hooks in

position ready for operating when required. The hooks,

C C 1
, being placed on opposite sides of the pegged disc d,

can work the boxes to the right or left ; that is, can cause

them to revolve backward or forward accordingly as they

are operated by one hook or the other. The hooks are

brought into action by the steel plates, commonly called

steel cards, e, which are changed according to the colours

required to be put into the fabric, the change bringing the

box containing the shuttle with the colour of weft re-

E
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quired into action. These steel cards are carried on a re-

volving barrel, F ; some are blank whilst others have holes

punched into them. Two inverted levers, l, with pendant

needles, H H 1

, at one end are presented to the steel cards.

If the card present on the cylinder be blank, no change

can occur in the position of the boxes ; should it be per-

forated, the needle enters, and the end of the lever, l.

1<Tg. 145.—Kevolving Shuttle Box-Loom.

carrying it descends to a lower point than it would have
done had the card been blank. The opposite end of the

lever then operates one of the two hooks, I, which are

fixed in the path of the lever k, this having a, continuous

alternating up-and-down movement. The lever k on its

ascending movement raises the hook I, and this hook being

connected to the hooks, c C
1

, by means of a lever, M, having
its fulcrum at n, depresses one of the hooks, C c

1
, changing
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the position of the boxes as desired. The lever k is

actuated by an eccentric, P, placed generally npon the

tappet or second motion shaft of the loom. The needle

end of the levers, L, have a suitable motion to elevate and

depress them, and each time they are raised the card

Fig. 146.—Revolving Shuttle Box-Loom. (Section.)

barrel, P, is changed in its position, and made to present a

different card to the needles. At r an arrangement is

made which will permit the lever k to slip in the event of

a shuttle not getting into the box, thereby avoiding

breakages.

This is one of several systems adopted for actuating



244 COTTON WEAVING.

revolving shuttle-boxes. They differ only in details of

construction, each, like this, embodying the principle of

Jacqnard's invention.

At this point we may appropriately close onr notice of

the development of the picking or shuttling capacity of the

loom. There are, of course, many inventions that might

seem, with equal justice, to demand as much notice as has

been accorded to some of those described ; but as a rule

they either embody the principles of those noticed or find

little place for their use in connection with the cotton

trade. To describe every good invention would also carry

this work far beyond the compass originally designed,

which even now threatens to be considerably exceeded.

Having thus thoroughly dealt with the loom, the

various preparatory processes now call for description.

In connection with these the machinery employed in them
will come under review, but the machines being for the

most part simple and modern, the task of reviewing them

will neither be a heavy nor a prolonged one.
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CHAPTER VIII.

The Winding and Warping Processes and Machinery.

The accumulation of yarns in cop and bobbin forms, illustrated.

—Indian winding, reeling, and warping, illustrated.—Old English
peg warping, illustrated.—The old textile technical words, "beer"
and " porter."—Invention of the old circular or ball-warping mill

;

description; illustrated.—The multiple spindle winding machine;
inventor not known ; description ; illustrated. — Mangle-wheel
motion, illustrated.—Improved bobbin winding machine for ring-

frame bobbins, illustrated.—The coloured goods trade.—Improved
hank reel, reeling from cops, illustrated.—The Coleby reels, illus-

trated.—The yarn bundling press, illustrated.—Reeied yarns for

bleaching and dyeing, and their treatment.—Hank winding, and
hank winding machines, illustrated.—The invention of dressing
and sizing machines materially change the method of warping,
namely, to beaming.—The invention of the beaming machine.—Its

improvement by William Kenworthy.—Rosseter's and Singleton's

automatic-stopping beaming machines, described and illustrated.—
The measurement of yarn upon beaming-machine beams.—Coloured
goods trade ; section-warping machine, described and illustrated.—
Method of working it.—The section-beaming or " running-off "

machine, illustrated.—A new warping mill for making ball warps
for bleaching or dyeing purposes, illustrated.—A new dressing and
beaming machine for coloured warps, illustrated.— The warp
chaining machine, illustrated.

IN the cotton manufacture, as it exists to-day, the wind-

ing and warping processes are sometimes found con-

nected with the first or spinning division, but most
generally with the second or manufacturing division, the

one forming the subject of this essay. Occasionally, though
less rarely now than thirty or forty years ago, they are

found combined as an intermediate and independent branch,

that is, are conducted as a business separate from either of

the principal divisions. They have, however, as such almost

disappeared, having been absorbed by the principal sections.

These two processes are rendered necessary by the
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forms given to the yarn as it accumulates in the spinning
processes. It has been shown in preceding pages that the

distaff spinner accumulated it upon the spindle, winding
it length by length as it was spun, and forming copes at

each end of the mass, in order to prevent entanglement.

The hand-wheel spinner followed the same plan, both in

making rove and yarn. The necessities of the situation

compelled Hargreaves in his jenny to do the same, and
the like inexorable power forced Samuel Crompton into

the same groove. Subsequent inventors, who have added
improvement after improvement to the mule, have re-

tained the same method of accumulating the yarn and the

same form of the accumulation. The form of the figure is

a cylinder, with two conical ends of unequal length. The
shortest cone forms the base or bottom, and the longer the

top or nose. This is yarn in the " cop " form, which is a

word derived from and a contraction of the word cope,

indicative of the coped extremities of these cylinders of

yarn. This word, or its equivalents in various languages,

is of very ancient origin and use. These cops, until the

time and invention of Richard Roberts' self-acting mule,

were always formed by the manual skill of the spinner.

After that time they were made automatically on his " self-

acting mule." A full description of this, along with the

construction of the cop, will be found in the present

writer's work on " Cotton Spinning." Both warps and

weft yarns were accumulated in this style. For the sake

of students who may not be in contact with either branch

of the trade, several illustrations (fig. 147) are given of

cops and bobbins from the self-acting mule, and the ring

spinning frame. The first two, A b, are cops from the self-

acting mule, A being a cop of weft yarn, and b of warp
yarn or " twist " as it is most commonly but erroneously

called. The third, C, shows the ordinary ring frame bobbin

filled with yarn ; and d a ring frame bobbin with what is

termed the parallel build. These are all shown about one-

third their actual size.
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The first departure from the cop form of accumulating

the yarn was made by the inventor of the Saxony or flax

spinning-wheel, on the spindle of which a " flyer " was
carried. In winding the yarn with this method of spin-

ning it could not be coped, hence double-headed or flanged

bobbins became necessary, and were accordingly provided.

W

A.

Fig. 147.—Mule and Ring Frame Yarns on Cops, Spool,
and Bobbin.

Arkwright adopted this spindle and flyer in his water-
frame, and of necessity the flanged bobbin. It was con-
tinued in the improved water or throstle frame, but has
in most cases been discarded in its successor, the ring spin-
ning frame. In a recent and valuable invention, the improved
ring spindle of Mr. Thomas Wrigley of Todmorden, the
cylindrical build and the double flanged bobbin have been
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reintroduced. The above illustration, d, is from Mr.
Wrigley's bobbin.

As each of these cops and bobbins contains only one
strand of yarn, it will be obvious that to put from one to

three thousand of them behind a loom in order to make a

warp, would be inconvenient if not impossible, therefore

some intermediate process or processes are necessary.

Fig. 148. —Indian Winder.

These we find in what are termed winding and reeling,

and warping.

In India, the primitive home of the cotton industry, the

operative wound the yarn from the spindle cop upon a

bamboo frame, as shown in the illustration, fig. 148.

This was practically a single thread reel, and the yarn

was no doubt thus reeled into the hank form, in order to

admit more readily of being sized or starched in order to

increase its strength, and enable it the better to resist the

friction incident to weaving. It would also be necessary

for the dyeing process. The sizing was performed by
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immersion and saturation in rice water. A further

advantage would also probably accrue, in that the contents

of several small cops would be reeled into one length, and
thus fit it better for a warp length.

When the sizing had been properly performed and the

yarn dried, it was again put upon the hand reel and

straightway formed into a warp. The manner in which

this was done is shown in the illustration, fig. 149, where
it will be seen the warper having put a number of sticks

into the ground, fastens the yarn to the end one, and then

Fig. 149.—Indian Warper.

proceeds to unwrap the yarn from the reel around them.

It will be observed that the warping is not continued all

around the arrangement of the sticks, but when the warper

arrives at the last stick, the yarn is passed around it, and

the first course is gone over again in a backward direction.

Thus a journey from the first stick to the last and back

again adds two threads to the warp, or according to the

arrangement, two lengths of one thread. This is continued

until a sufficient number are obtained, when the warp is

completed. It will be quite obvious that this is a very

monotonous and laborious process, as it compels the worker
to pass over a distance equal to the united lengths of every
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thread the warp contains, it not appearing that the warper
carries more than two threads. This system is not only

the ancient one, but has come down to the present day,

and is the method in most cases now followed where
the domestic industry still survives. But both spinning

and weaving in India in the ancient forms have greatly

diminished, and must ultimately disappear before the

modern systems, just as they have already become extinct

in this country.

Before the invention of the water frame by Arkwright,

the so-called cotton goods were really unions, having

linen warps filled with cotton weft. The yarn of these

warps was delivered to the weaver in hanks. This was
the weaver's raw material, just as cop or bundle yarns

commonly are to-day. The weft, when it was not dyed,

was usually received in the cop form. When it was found

that cotton yarn from the water frame could be used for

warps, this was also delivered to the weaver in the hank
state, as being most convenient to the spinner and most in

accord with the habits of the weaver.

Cotton yarn was subjected to the same processes that

linen passed through. Both were boiled in the hank, in

water to which soap or potash had been added. After-

wards flour was added to the water in which cotton yarns

were boiled in order to increase its firmness and tenacity.

When the yarn had been thoroughly dried it was

wound upon bobbins upon the common one-spindle hand-

wheel, which may occasionally be seen in use to-day in our

smaller weaving mills for the purpose of winding heading

yarns. The hank was extended upon and between two

small wheels called whisks, fixed upon an upright post

and revolving upon their centres.

The bobbins thus prepared were delivered to the

warper for him to form into a warp of a given length and

breadth. Warping is merely the laying of a number of

threads in parallel order, and equal in length, and in num-

ber sufficient to make the required width of cloth. In the
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early days of the industry this process was almost iden-

tical with that of the Hindoo as previously described. This

will be seen from the accompanying illustration, fig. 150,

which is from an old print. Here it will be seen the pegs

instead of being stuck in the ground are fixed in a wall,

and the warper takes the yarn, attaches it to the outer peg,

passes it under and over the others in alternation to form

a lease, and then carries it to the most distant one, around

%.![{

Fig. 150.—Peg Warping, an Ancient English Method.

which having passed it, he returns to his first position and

repeats the operation. Undoubtedly in the earliest times

the English warper would thus carry every thread as does

the Hindoo, but some time or other, it is undiscoverable

when, he would find that his walking would be greatly

diminished if he carried more than one thread at a time.

The new idea was accordingly put into practice with great

advantage. The warper having got a number of clues or

balls of yarn together, placed them in a box or some kind
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of vessel, gathered the ends of the threads together, and

having attached them to the peg in the wall as stated

above, he took them all in his hand, and permitting them
to slide between his fingers, walked to the other end of the

warp course, passed them around the peg placed there, and

then returned to the first. This double journey formed

the length of the warp, and was called a bout or a warp
gang, meaning once about the length, or a going of the dis-

tance equal to the length the warp had to be made.

Assuming that the warper carried 20 threads with him,

100 journeys, or " gangings," to use the Scotch term,

would give him a warp of 2,000 threads. If he carried 40

threads, 50 " bouts " would do the same.

In these days many students of the textile industries in

reading and otherwise investigating the origin and pro-

gress of the textile arts will come across names that are

apparently quite inexplicable, and will fail to gather any

idea of their proper meaning in the relationship in which

they are employed. Amongst these not the least puzzling

are the English word " beer " and the Scotch word
"porter," as used in the textile industries. He may
hastily conclude that they are somehow derived from the

two drinks of those names ; to do so, however, would be

very erroneous. They are synonymous terms, meaning

exactly the same thing on opposite sides of the Tweed.

It is in these journeys of the old warpers that we shall

discover their origin. In both cases they represent the

standard maximum number of threads the warper would
carry in one going, or one bout, and this would probably

be forty threads. His bearing or portering of these threads

would soon come to be called a ;'bear," subsequently

corrupted into a " beer " in England, and a " porter " in

Scotland, from the thing ported or carried. The quantity

of threads included in these terms afterwards became a

unit of measure, and thus having lost their original signi-

ficance, came to indicate something entirely different,

this being a unit of reed measure equal to twenty dents,
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as they would be expressed in England, or splits accord-

ing to Scottish nomenclature. Thus 100 dents or splits

in all kinds of reed measures are, or rather were, for the

terms have largely gone out of use, divided into five equal

portions of twenty each, and these names given to them.

As each dent or split usually carried two threads, we get

forty threads to the " beer " or " porter." In making the

warp, if the warper was not both skilful and careful, there

was a great liability for these beers to get slightly twisted,

in which state they became very troublesome to the weaver
when they reached him. In putting the warp upon the

weaver's beam, or beaming, as this was called, these

" beers " were usually divided into two portions by the

teeth of the " wraithe " or "raddel," a coarse comb used

to guide the warp upon the beam in an even manner.

This explanation, by disabusing and clearing the minds of

students of the liability to attach wrong significances to

these terms, will enable them to read with more under-

standing the older literature of the textile industries.

The winding on the common hand-wheel, and the peg-

warping described and illustrated, were universal in this

country until 1760, when the warping mill was invented

and first introduced. Like all other things in those times

its adoption was slow, and the old system, especially in

the Lancashire woollen trade, did not disappear until more
than the first third of the present century had passed

away. In the cotton trade, however, it was adopted

earlier, as the money made in the new invention was a

stimulus to enterprises at the same time that it provided

the means of carrying them out. The old warping mill

and the warper are shown in fig. 151. As will be seen

the mill, as it was called, consisted of the vertical creel

containing the four rows of yarn bobbins, and the large

vertical reel, b, mounted within the frame extending over

it. On the bottom of the vertical shaft or axis of the reel

there was fixed a grooved pulley, I, connected with the

driving pulley, C, by means of the rope, d. In working
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it the warper took his seat as shown at a, turned the
handle behind him fitted on the shaft of the pulley, c. As
this revolved it transmitted motion to the reel, b, which
began to revolve. The driving pulley being about double
the diameter of the pulley on the shaft of the reel, the
latter made two revolutions for one of the former. In an
earlier form the driving band passed around the reel itself.

Fig. 151.—The Warping Mill about 1810.

This shows the great advance made by this invention in

the amount of work that could be produced from this

machine as compared with peg warping, and the extent to

which it diminished the labour of the workman. As
shown here the creel contained only forty-eight bobbins, a

small increase upon the " beer." It ought to have been

previously observed that before commencing work the

warper gathered together the threads from the bobbins,

and passed them in certain proportions between the teeth

of a coarse comb carried in the frame, f, and attached them
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tied together to a peg upon the reel, and then under and

over the lease pegs similar in manner to what is shown in

fig. 150. The yarn was then traversed upon the reel

automatically by means of an extension of its axle at the

top, where it is seen to rise above the frame at h. To this

extension a cord was attached which extended horizontally

to the small pulley shown over which it passed, and was

attached to the frame, f, carrying the comb. When com-

mencing work the cord was wound upon the axis, and

gradually uncoiled as the reel revolved until it had all

run off, and the frame, F, was at the bottom. The yarn

was then passed around a retaining peg, and the revolution

of the reel reversed, the cord winding upon the axis, and

the comb frame ascending. These courses were repeated

as often as necessary to get the number of threads suffi-

cient to make the width of cloth required. When this

was accomplished the warp was ready for " doffing." The
warper disconnected the threads coming from the creel,

took one end of the newly formed warp in one hand, and

drawing the warp from the creel with the other, cleverly

wrapped it around the arm, holding the end, and so in-

geniously and skilfully formed it into a ball, tying it in

the middle with the last portion of its length. The making
of this ball of the product gave the name of ball-warping

to the method. Subsequently both reel and creel were

greatly enlarged, the former in diameter and the latter in

the number of bobbins it would contain. It was also

adapted to be driven by water or steam power. It still

holds its ground in some of the more remote country dis-

tricts where a conservative sentiment prevails, and old

warps are believed to be the best.

The multiple spindle winding machine appears to have

been a somewhat later invention than the warping mill.

It is very likely a suggestion derived from Hargreaves'

spinning jenny ; hardly any thoughtful person could see

that machine without it suggesting its suitability for

winding purposes, with very slight modification in the
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way of simplifying it. There is no record of its invention,

and no doubt like Topsy in " Uncle Tom's Cabin," it

" growed," and no one could have claimed to be its parent

with certainty. Notwithstanding this, it formed a con-

siderable advance. The first recorded patent we have
found is that of William Pride, No. 4,666, granted April

16th, 1822. This improvement consisted in putting on
the driving shaft of" the spooling frame," " two wheels of

different sizes, which drive a tin roller, the larger wheel
being used until the spool is half full, then that is thrown
out of gear and the smaller one is thrown in gear. The.

traverse motion is worked by a heart wheel." This is

practically the only patented invention relating to the

ordinary winding frame up to 1860. The two speeds or

sizes of driving wheels were required, the first or larger

to get sufficient speed whilst the tubes of the bobbins

were bare or did not contain much yarn. As they filled

they would take up the yarn much more quickly, more
quickly, in fact, than its quality at that time war-
ranted, and so would cause too much breakage for the

winders to keep their ends up. A reduction of speed

would moderate this. These have long ago been discarded,

and high speeds of the spindle attained and maintained,

which give a gradually accelerating draft of yarn, as the

periphery speed of the bobbin increases from the succes-

sively added layers of yarn. The heart cam, which
actuates the yarn traverse rail and distributes the yarn

evenly upon the tube of the bobbin, was an important

invention, and is retained in some winding frames to-day.

It is this which imparts a barrel shape to the filled bobbin

of yarn.

Winding machines or frames, as they are ordinarily

called, and which are intended for the usual processes of

manufacture, are about the simplest machines in the whole

of the cotton trade. One of the most modern type is

shown in the illustration, fig. 152. In size they are made
according to requirement, and differ but very slightly in
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construction from whatever machine-making establish-

ment they may come. It consists of an oblong frame, and

really constitutes a double machine, being furnished with

two sets of spindles on each side. This is dictated by

economical considerations, as the working parts will drive

two sets of spindles as well as one, and at only a small

additional consumption of power. The two rows of the

spindles on each side are arranged in zigzag, or diagonal

order to each other, the gauge being about five inches.

This order is adopted to utilize space, and to secure

clearance for the spindle driving-bands.

The driving-shaft extends along the length of the frame

carrying the fast and loose pulley at the headstock end.

There is also mounted upon it a tin cylinder, about

seven inches in diameter which extends the length of

£he frame. This drives the spindles, the power being

transmitted by cotton bands which pass around a small

pulley or wharve. The bobbin rests upon a disc plate

carried upon the spindle, and its weight gives all the

friction necessary to secure rotation, and to overcome the

drag of the yarn. The operative passes steel skewers

through the holes left in the cops of yarn by the spinning

spindles, which are then placed in the cop-holders. These

are carried upon a rod extending the length of the frame,

and are placed in this at such an angle as to admit of the

easy draft of the yarn. This in its course to the bobbin

passes over the board shown at the front and generally

called the knee-board, an incorrect name if regard be had

to its function. This board is usually covered with flannel,

and forms a check upon the too easy delivery of the yarn

to the draught of the spindle, thereby securing uniformity

of tension in the winding. It is therefore really a drag

or tension board, and so should be called. The wire loops

inserted into the bottom of the board are merely to keep

the threads apart, and to prevent entanglement in cases

of breakage. Passing this, each thread goes through the

bristles of the clearer brush, shown by the long dark line
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above the drag-board. The function of this is to clear the

yarn from loose fibres, seed leaf, etc., and to break the

yarn down in soft and single places, so that these may be

taken out at this stage. The meaning of these terms will

be explained further on. This at one time was a most
important function of this brush, but owing to the great

improvement made during the past fifteen or twenty years,

it is not now nearly so much required. In fact, it might,

so far as single and soft places are concerned, be almost

dispensed with.

Immediately the yarn has passed the brush it is re-

ceived by a guide-plate, which, besides guiding the yarn to

the bobbin, acts as a snarl and knot catcher or detector.

It contains a series of slits, one for each spindle, and equi-

distant. It is generally called the "crowfoot" guide-

plate, because the vertical slits which receive the threads

have two branch slits made from them, one to the right

and the other to the left, and inclined outwards ; the

whole presents a distant resemblance to the extended foot

of a bird. It has already been shown with what facility

the operatives in the machine shops and mills resort to

nature for object names in connection with machines,

rather than to the terms of mechanical science ; this

instance affords another illustration, and there are many
more. The purpose of these diagonal cuts is to retain

the threads in their proper slits when once placed there.

Without these they would occasionally escape and become
entangled with the others.

The brush and guide-plate are secured together, and
thus form a horizontal rail which is mounted upon vertical

iron bars, or rods, usually termed lifting pokers, which
slide up and down in suitable brackets. Each of these

has at its lower extremity a small foot, or horizontal pro-

jection prepared for connection with a chain by which the

traverse of the guide rail is effected, and the yarn properly
distributed upon the bobbin. This is usually so arranged
that the bobbin, when filled, becomes of a barrel shape.
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The lift extends from flange to flange of the bobbin, a

distance generally of five and a half inches. The speed

of the traverse rail is not quite uniform, slightly diminish-

ing about the middle of that portion of the bobbin by which
that part receives more yarn, and thus gradually fills into

the desired form.

We have called the winding-frame the simplest machine

in the series used in the manufacturing division of the

trade. Though this is true, it usually contains, as now

Fig. 153.—Mangle Wheel Motion in Winding Machine.

generally made, a most ingenious mechanical arrangement

which, for the sake of the student, may be described. This

is called the mangle-wheel driving system, and is illus-

trated in fig. 153. It is shown apart from the machine

frame for the sake of clearness.

Upon the driving- shaft, A, is mounted a spur-wheel, B,

which drives through the carrier-wheel, C, the arm-wheel,

d. On the same stud as the wheel, D, is the reverser

pinion, E, which engages with and drives the mangle-

wheel, F. This wheel is composed of two sides, which we
may term imperfect rings, as they are not complete circles.
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These are united by a series of pegs set in close gauge,

and shown by the small circles on the wheel, p. Where
the circle is broken a stop-block, G, is introduced, set a

little back from the ring.

This wheel is a remarkable one, constituting as it does

an external and an internal wheel, otherwise a wheel that

will gear with a driver either on its outer or inner circle.

In the use made of it in this instance both circles are

utilized. The effect gained when the change is made is a

reversion of its revolution, which is what is required. As
the pinion, e, revolves, the wheel, F, is driven by it, until

the break in its periphery comes round to the pinion, e,

when the block stops its further progress, whilst the pinion,

e, forces the wheel, F, to admit it to its interior, where, then

being in gear with the interior circle and revolving in

the same direction, it reverses the revolution of the wheel,

F, which is then driven in the new direction until the

break in its circle again approaches the pinion, e, which
again encounters the block, and runs this time to the out-

side as before it did to the inside, and then rotates the

wheel in the first direction. These movements are con-

tinuously repeated.

The use of the reversing motion thus obtained will soon

become apparent. The pinion, J, which revolves in the

mangle-wheel, f, as will be seen, gears into the rack, h, the

circular movement of the first becoming transformed into

a horizontal movement of the second. As the revolution

of the wheel, f, changes, so does the direction of move-
ment of the rack.

It will be observed that each end of the rack on its

upper surface is constructed to form a segment of a circle,

each being furnished with rack teeth, which engage with
the wheels k k, and in their traverse partially rotate them.
The wheels, k k, are eccentrically mounted upon the lift-

ing shaft, l, which extends the length of the frame and
carries a number of chain blocks placed at intervals

throughout its length. To each of these a chain is
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attached, which at its opposite extremity is linked to the

foot of the lifting pokers as previously mentioned, and

thus is completed the circuit by which the movement of

the traverse rail and the wind of the bobbin is connected.

It only remains to state that the object sought by mount-
ing the wheels, K K, eccentrically is the variation in the

rate of the movement of the rail which gives the barrel

formation to the bobbin. The diagram shows the position

of the various parts represented at the time when the rail

is about midway of its traverse.

This variation in the traverse can also be obtained in

several other ways, as, for instance, by mounting the

pinion, J, eccentrically on the mangle wheel stud instead

of the wheels, K E, as shown here. Again it may be had

by making the pinioD, J, drive the rack, H, through two
eccentrically mounted pinions.

The introduction of ring spinning on a somewhat ex-

tensive scale during the past twenty years has revealed

the desirability of modifying winding machines to adapt

them to meet the altered conditions, the principal of which

is that the yarn has to be wound from the ring bobbin,

from which it comes more freely than from the mule cop.

In some cases the creel or bank in which the ring bobbins

are mounted is furnished with ring spindles arranged at a

slight angle from the horizontal position. The yarn is

then drawn off from the side instead of from the cone of

the bobbin, the drag resulting being sufficient to secure

delivery at a uniform tension.

In fig. 154 is shown an improved frame for winding

from ring frame bobbins, in which the ring bobbins are

arranged horizontally and the yarn drawn off at the nose

or cone. The speciality in it is that there is a tension

wire placed at the front of the nose, through which the

yarn has to pass immediately it gets off the bobbin. This

secures uniformity of tension in the winding and obviates

the necessity for the presence of the drag-board as shown

in fig. 152. The illustration also shows a good view of
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the driving end of the machine and its gearing. Here it

will be seen the rack is of a different construction, and is

carried upon bowls in order to diminish the power needed

to actuate it. The variation of the movement required

for the traverse is also obtained in a simpler way than

as shown before, being got from a slight eccentricity

in the mount of the pinion driving the rack. This eccen-

Fig 154.

tricity is so small as not to be discoverable in the illus-

tration.

The above types of machines are in almost general use

throughout the great weaving districts of North-east

Lancashire, and in others where similar plain goods are

manufactured, or such fancy goods as do not need any
preliminary treatment, such as bleaching or dyeing of the

yarn previously to its being woven.
In many places, however, what is called the coloured

goods trade is the staple industry. This prevails in

Rochdale, Heywood, Radcliffe, Farnworth, Swinton, New-
ton Heath, Failsworth, and a few other smaller places. In
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these a large proportion of the yarns used, both warp and
weft, have to be bleached or dyed, mostly the latter,

before the weaving process. In these cases the winding
process is changed for what is termed reeling. The yarn,

instead of being wound upon bobbins from the cops or

ring bobbins, is wound upon reels, and when doffed is in

the loose form of hanks and in a condition to easily admit
of dyeing or bleaching as may be required.

An improved reel is shown in the illustration (fig. 155).

This reel, or others of similar type, is in use in almost

every mill where reeling is required. It will be seen that

the frame is a very light one, being composed of two ends

made of iron, and the cop creel of wood, and a second

bar just beyond it carrying the yarn guide-wires. The
reel proper is a hexagon composed of six bars of wood
carried upon arms loosely mounted upon the hori-

zontal shaft shown. A circuit of this hexagon is fifty-four

inches, the hank being generally reeled in that length,

though sometimes in seventy-two inches. The method of

driving is shown, and is so simple as to require no descrip-

tion. The reel being in its normal form of a hexagon has

the threads attached by the reeler, as the attendant is

called, the reel is started, and the yarn reeled in hanks of

840 yards. In straight reeling the hank is divided by ties

into seven leas of 120 yards = 840, this being mostly the

case for the eastern trade. When the hank is completed

the arms of the reel are pressed together, as shown in the

illustration, and the hank slided off at the end. The
speciality in the machine shown is in the facility it affords

for doffing.

In fig. 156 is shown the Coleby reel. As compared

with ordinary reels it presents some considerable diffe-

rences in appearance. The first alteration shows that the

frame of the machine has been dispensed with, having

been substituted by a central stand, the reels projecting

from this on each side. This change permits much freer

use of the space beneath the frame, and facilitates doffing
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very greatly. One shaft drives the four reels upon one

stand, through and by means of two short shafts carrying

a pulley for each reel. On each extremity of these shafts

is a small driving pulley from which the reels are driven

by a fast pulley upon the axle of each reel. There is no
loose pulley, as the reels are driven by means of a slack

strap, which has its tension adjusted to drive the reel by
means of a small bowl carried upon the extremity of the

starting lever ; this lever also carries a brake which is

put out of .action when the reel is started, and brought

into work when it is stopped. By this simple arrange-

ment the starting and stopping of the reel is instan-

taneously performed with the greatest ease. The speed

of the reel is also regulated by the same means, as when
the strap is brought to a proper tension it runs at full

speed ; at half tension it runs slowly in order to permit of

the winding off of cop bottoms with more ease. It ought

to be added that the machine can be readily changed to

reel from either cops, bobbins, or tubes. Some important

advantages result from this arrangement. Each section

being separately driven, only one containing ten ends is

stopped at a time for " setting-in," " piecing-up," or

" doffing," instead of forty as in reels of the ordinary

construction. This yields a very considerable gain in the

production. By an improved manner of laying in the yarn

this is done more quickly, and a further gain made. The
skill and strength required are both less, and children

can easily perform the work that previously required

skilled adults. As compared with the old type there is a

saving in cost, in space, and in wages. As will be seen,

it is adapted for winding from cops, and ring-frame

bobbins, or can be made for throstle bobbins and for the

reeling of hard-twisted yarns, as seen in fig. 157. In the

latter form it is supplied with an excellent tension adjuster,

also the invention of Mr. Ooleby.

Reeling for the home trade is often done in the spinning-

mills, and in most cases it is of the kind called "cross
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reeling ; " that is, the threads are rapidly traversed in a

lateral direction backward and forward, so that they never

lie parallel to each other, but rather diagonally across each

other all through the hank. The object of this is to

ensure that in the event of a thread breaking the end shall

be soon and easily found as it always lies upon the surface,

which would not be the case were the system of parallel

winding used. Thus much loss of time is prevented, in

the first place to the reeler, and in the second to the hank
winder in the subsequent process of winding from the

hank after bleaching or dyeing. The advantages of cross

reeling seem to be appreciated mostly by the home and
continental trades, as in yarns for exportation to the great

eastern markets, straight reeling seems invariably adopted.

Cross-reeled yarns for the home trade are made up in

long bundles and are not pressed, as are straight-reeled

bundles, for export to the east. It sometimes happens
that in a manufactory reeling its own yarns that its

capacity of production may occasionally exceed that of the

consumption of the establishment. In these cases it

sometimes becomes economical to turn the reels upon
straight reeling and sell the yarn. In this case there will

be required a short-bundle yarn press such as that shown
in fig. 158, a very excellent automatic press invented by

the gentleman whose improved reel has just been de-

scribed.

Ordinarily the yarn bundling press consists of a small

oblong table and a number of vertical bars affixed against

each of the longer sides, so as to enclose on two sides a

cubic space, the ends being open. To the back bars are

attached a third series, hinged to them, so as to be brought

over to those in front. The yarn having been placed in

position, the covering bars are brought down and the table

raised by the usual means, the motive power being either

manual or steam-power, which may be most convenient.

The yarn having been pressed, the press is wound down,

the bars lifted, and the bundle taken out. This is the
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ordinary method, upon which Mr. Coleby has effected

great improvements, as he has made the whole automatic,

so that when the yarn has been placed in position the

attendant has only to start the press, and the bars are

automatically brought down, self-locked, and the bundle

pressed, when the attendant simply ties the cords and

reverses the action, and the press, running down, releases

and lifts the top bars, leaving nothing more to do than to

remove the bundle and commence the process anew. The
improvements consist of the introduction into the back

vertical bars, which are made hollow for the purpose, of a

series of rack rods, whilst the top bars, also made hollow,

receive a corresponding series of locking rods. A connec-

tion is formed between the two series by means of a sector

wheel. When the top bars are brought down into the

position for pressing, a coiled spring, with which each is

supplied, shoots these rods into the holes prepared for

their reception, and thus firmly locks them for pressing.

When the action of the press is reversed these are with-

drawn by the descending rack rods acting through the

sector wheels. By means of this improvement considerable

economy is effected, as the labour of boys suffices where
previously that of men was required.

If the yarn reeled as described is for bleaching or dye-

ing upon the same premises it is not necessary to bundle it

in any form, but simply to pass it forward to the bleaching

or dyeing departments. If the yarn is sold in the bundle

for the home trade it is usually made up in long cross-

reeled bundles ; if for export, in short pressed bundles,

that may be either straight or cross-reeled. Whichever be

the method, it is ready for the bleacher or dyer, or for re-

winding in the grey state which is often done with yarn

exported and sold to the handloom weavers of eastern

countries in retail quantities.

To the processes of bleaching and dyeing a brief separate

chapter must be allotted, which will be found following the

present one.



Fig, 15S.—Improved Yarn Bundling .Phess.
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Assuming that it has passed through these stages, and

been returned to the winding department, the description

may be resumed at the point left off.

The yarn is now ready for re-winding, and for this pur-

pose a winding machine of another type is usually adopted.

This is termed the hank-winding machine, and one of these

of the latest and most improved type is shown in fig. 159.

Tt is especially made for winding bleached or coloured

and sized yarns from the hank. As will be seen, its con-

struction is entirely different from that of the simple cop-

winder. The bobbins, instead of being mounted upon
vertical spindles, are carried in cradles lying horizontally.

Upon the driving-shaft, which extends across the top of

the frame in the direction of its length, are mounted a

number of bobbin-driving drums. The cradles, having re-

ceived their bobbins by suitable arrangements, carry them
into contact with the faces of the revolving drums, which

thus drive them by friction. The hanks are placed upon
light, collapsible hexagon reels termed rices, which are

easily lifted out of their position for the reception of the

hank. They are very light, and easily revolve with the

pull of the thread. This is termed the rice creel. There

is an alternative creel termed the barrel-creel, formed by

two small skeleton barrels, or bird-cages, as they are

sometimes called. These are seen in fig. 159, the creel on

the back of the machine being of this type. The bottom

barrels only are shown ; each of these has a corresponding

barrel mounted above it, and the hank is extended between

them, and so wound off as in the other case. In the

winding the yarn is slowly traversed from side to side of

the bobbin so as to place the successive layers evenly

upon it.

In the machine here illustrated are a number of improve-

ments which it may be desirable to point out. The first

is in the bobbin cradles, which are mounted on brackets

attached to a rail placed within and extending the length

of the machine frame. Each cradle is fitted with a new
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setting-on handle, by means of which the attendant can
bring the bobbin very gradually in contact with the

driving drum, instead of its being allowed to tumble
against it. The jerking start made with the last-named

method very frequently breaks the threads again, especially

when tender and fine yarns are being wound. By the

improvement described these breakages are avoided.

Another is the introduction of an adjustable weight, which
is carried upon a lever attached to and projecting back-

wards from the bobbin cradle. This is a novel application,

so far as this type of machine is concerned, and by its

means the pressure of the bobbin upon the drum can be

made heavy or light as may be desired. An improve-

ment has also been effected in the gearing through which
the traverse motion is actuated, which renders the driviDg

of the traverse very simple and noiseless. This consists

of the introduction of a pair of helical wheels instead of

the bevels ordinarily employed for transmitting power
from the drum shaft to the short horizontal shaft carrying

the heart cams. The connection between the vertical and

horizontal shaft is effected by a worm upon the bottom of

the former, which gears into a worm wheel on the latter.

This driving arrangement obviates the noise and back-lash

incident to the ordinary method. The traverse lever is

made adjustable in length so as to easily yield any length

of traverse as required. An improved strap fork and

starting arrangement has also been introduced. This

consists of a handle carrying a small pinion which is

attached to the base of the fork. The latter is mounted

upon a stud in such a manner as to slide backward and

forward. The under part of this stud forms a rack into

which the pinion gears, and thus by means of the handle

the fork is traversed with ease from one pulley to the

other as required. Its great merit is its adaptability to

any width of pulley, and the facility with which it can be

made to govern the length of the traverse of the strap.

The rice creel is made of iron, and the rices are mounted



WINDING AND WARPING PROCESSES. 275

upon a round shaft extending the length of the frame

instead of being dependent from the npper parallel rail as

before. This ensures easier adjustment whenever such

may be needed. The adjustable barrel creel, shown on

the opposite side, is also made in an improved manner.

The top barrel is fixed, the bottom barrel being carried on

a centre, and is adjustable for various sizes of hanks.

The principles, purposes, and the earlier forms of warp-

ing have been sufficiently explained, the first need only

here be summarized as the laying in parallel order of the

yarns intended to form the length of the woven fabric

when intersected with its weft or cross threads.

The invention of the dressing and sizing machines, the

latter especially, necessitated a radical change in the

system of warping for the manufacture of ordinary plain

goods. This came in the invention of the beaming
machine, which appears to have been the product of the

inventive skill of Thomas Johnson, of Stockport, who en-

dowed the trade with the dressing machine. The beaming
machine was a necessity of the dressing machine, and its

invention was, therefore, an adjunct of it. It is described

in his patent for the dressing machine granted February
28th, 1803. Little improvement appears to have been

made in it until the invention of the now well-known
"warping-frame," as it was called, which in Patent 9660,

March 11th, 1843, is credited to William Kenworthy, then
manager of Brookhouse Mills, Blackburn. The latter

machine was a great commercial success. It consisted

of a creel holding about 400 bobbins, a frame con-

taining a coarse open reed, and beyond these, in the

direction of the beam, a series of iron rods so mounted in

the frame that they could be made to fall and reverse the

revolution of the beam, delivering back the warp to the

extent of several yards when a thread had broken, in

order to permit of its being taken up and pieced. This
facility gave this invention its great superiority over any-
thing previously in use. The machine contained a large



276 COTTON WEAVING.

wooden cylinder mounted upon the driving shaft, and on
this the warper's beam rested, being driven by the friction

surface contact. Thus whatever might be its diameter a

uniform speed was maintained, derived from the driving

cylinder.

This invention sustained its pre-eminence during its exis-

tence as a patent, and for ten or fifteen years subsequently.

Afterwards it became the subject of further improvement in

details, and a number of these were introduced which may
be passed with merely the mention of the expanding reed,

or comb, introduced to facilitate the distribution of a small

number of ends over the barrel of a wide beam in order to

avoid the necessity of moving its flanges nearer together.

Another was to mount the " falling rods " upon their

centres, so as to diminish their friction and ease the

passage of the yarn over them on its way to the beam.

Not much of real improvement, however, was effected

until the invention of the automatic stopping motion,

which stopped the machine immediately on the breakage

of a thread. There are two claimants for this invention,

William Rosseter and Thomas Singleton. The first-named

appears from the records of the Patent Office to have been

the first in the field with this idea, which the latter im-

proved upon, and finally got the chief credit and reward

of success, owing to the superiority of his invention. The
machine known by his name is now in almost universal

use where beaming machines are required. Its most

modern form is illustrated in figs. 160, 161. Only a brief

description is necessary.

The machine, as will be seen from the illustration,

fig. 160, consists of two principal parts, the creel and the

headstock. The creel is the frame which contains the

bobbins as they come from the winding machine. It has

two sides, which are arranged or placed together in the

form of the letter V, with its apex towards the headstock

of the machine. In the back of the headstock, near the

apex, stands a coarse open reed, A, fig. 161, through which
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the yarn from the bobbins is brought. Passing over the

carrier roller, B, it descends under the first drop or re-

versing roller, C, over another carrier, d, and under the

second drop roller, e. Two drop rollers are all that are

required since the invention of Singleton's automatic

stop motion. Formerly there were six, or any other

number deemed sufficient to meet requirements. Leaving
the second drop roller the yarn passes over another roller,

F, which besides being a carrier, has the more important

function of measuring the length of yarn that passes, and
hence is termed the measuring roller. All these rollers

are tin cylinders. From the latter the yarn goes forward

over a plate or bar, G, containing three slots of about one-

eighth inch wide, which extend across the width of the

machine. Each thread has a small bent wire, about

1|- inch in length, hung upon it at this position, the ends

of which descend into the slots in the bar beneath, and by
them are retained in position. Leaving here the yarn

next passes through an expanding comb, H, and thence

over the carrier roller, J, to the beam, K. The comb, H,

is so constructed that it will expand or contract by the

turning of the screw, H, of which there are two, one at

each end. These are furnished with a hand wheel, as

shewn. The purpose of this expansion is to evenly spread

the yarn over the beam between the flanges to prevent

its forming ridges and hollows which strain the yarn, or

cause it to run slack in being drawn off in the sizing pro-

cess, and both of which would produce undesirable

results.

The mechanism may now be briefly described. Extend-

ing across the front of the machine is the footboard, L.

This, when starting the machine, is pressed down by the

foot of the attendant, and at a certain position is held by

a spring handle entering a detent upon the frame. The

driving shaft, M, has fixed upon it a friction plate, N.

Next thereto is the pulley, p, which is loose upon the

shaft. Beyond this is the loose inclined collar, K, which
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is set against the corresponding incline, e', made fast upon
the shaft. The inclined collar, E, and the footboard, L,

are connected by the lever, S, which is fast npon the loose

collar, E. When the two inclined collars are in the posi-

tion shown in the figure, the pulley, p, runs loose upon
the shaft and the machine is stopped. When the machine
is started the loose inclined collar makes a partial turn,

so as to close up the hole shown near the letter E, and in

doing so it also slides laterally upon the shaft pressing

the pulley, p, against the friction plate, N, which being

fixed, becomes the driver and starts the machine. The
wood cylinder, t, being fast upon the driving shaft with

the beam, E, resting upon it, drives the latter by frictional

contact.

We now come to the automatic stopping arrangement.

The drop wires or pins hanging upon the threads on the

breakage of any of them, or the exhaustion of a bobbin,

the wire belonging it instantly falls between the two
rollers, v v'. These are termed the nip rollers, one of

which is mounted in loose bearings. When a pin falls it

is drawn between the rollers, and consequently presses

the loose one, v', away from its fellow. The lateral move-
ment of the loose roller pushes the spring handle out of

its detent, reverses the movement of the inclined collar, E,

relieves the pressure upon the pulley, p, which then runs

loose, and stops the machine. The weighted lever, Y,

is simply a balance for the footboard or treadle, l. In

the rare event of the machine not being responsive to, or

the stopping arrangement being slightly delayed in its

action, which can only occur when the pin slots have an

accumulation of waste down upon them which impedes

the drop of the wire, the end of the broken thread is

drawn upon the beam. To recover it the machine is

stopped, and the winding reversed by means of the drop

rods, until the end of the broken thread is recovered.

The beaming machine is fitted with a very accurate

measuring motion, to insure a correct register of the
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length run upon the beam. It is necessary the length

should be correctly known and controlled in order that

sets of beams may be made of any required uniform

length, and when combined and worked off in the sizing

machine, that they should finish all together. Were it

otherwise the yarn left upon any or all the beams after

the first had run off would be wasted. It is also desir-

able to prevent waste occurring in this manner, that the

yarn shall be worked in all the beaming machines at a

uniform tension, and that as light as possible. In fact, in

all the processes of manufacture preceding the weaving, it

should be regarded as a cardinal principle that the yarn

should never be stretched, or in any way have its elastic

strength drawn upon, as this is strained to the utmost in

weaving.

The attendants upon these machines are females, who
are generally termed warpers. It should be observed,

however, that the beams made upon it are not warps, but

merely longitudinal sections of warps, as it requires gene-

rally from four to six of these beams combining and their

contents being run off together, to form a warp. The
beams usually contain from 400 to 500 threads, and as

many of them are combined in the creel of the sizing

machine as will give the requisite number to form the

fabric required.

The length of the yarn run upon these beams is gene-

rally stated in " wraps," this being the name given to one

complete circuit of the measuring mechanism upon the

machine. This consists of the measuring roller, f, the

circumference of which is 18 inches. Upon the axis of

this roller is a worm gearing with a wheel containing

54 teeth ; on the stud of this wheel there is fixed a second

worm wheel, containing 132 teeth. The first worm takes

a tooth at each revolution of the measuring roller, which
represents half a yard ; a complete revolution of the first

wheel into which it gears represents the passage of

27 yards. One revolution of this wheel represents the
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movement of a tooth only on the second wheel, and as the
latter contains 132 teeth, and one revolution of this is

required to form a wrap, it follows that a wrap upon this

gearing contains 3,564 yds. A beam generally contains

four or five wraps, equal to 14,256 yards, or 17,820 yards
respectively. The length of the wrap varies according to

the details of the gearing, of which there are several.

Assuming that the beam contains 500 ends, and that five

of this kind are combined and run off together, they will

form a warp or weaver's beam, containing 2,500 threads,

which set in a 60 reed taking 60 threads per inch, would
fill a width of 41*66 inches. Allowing for contraction

this would make a cloth full 39 inches wide of 16 threads

per J inch. Taking the greater length of 17,820 yards,

and dividing it by 40, the length of warp usually allowed

to make a 37i yards Indian shirting, contraction thus

being allowed for, the set of beams from the beaming
machine would thus give 445-50 pieces. These would
make 20 or 21 warps for the weaver's loom of 22 or 21

pieces each, which is the number usually put upon a

loom beam.

In the coloured goods trade another method of warping
is needed, owing to the large assortment of patterns re-

quired by dealers in these classes of goods and the small

number of pieces of each. A set of warp beams such as

are used in the plain cloth trade just described would be

quite beyond the requirements of the market. The warp-

ing must therefore necessarily be done in small quantities

of the selected patterns, the result being that special

machines designed for the purpose must be called into

requisition. The old-fashioned warping or reel mill

already described was in use in this branch until within

about twenty years ago, when it was superseded by an

improved machine termed the section warping mill, which

gave the manufacturer great facilities compared with those

of the old reel machine. In fact, work can be done with

ease and cheapness in the way of varying patterns, that



WINDING AND WARPING PROCESSES. 283

on the old plans would have been almost prohibitive on
account of cost. On this machine the patterns, whatever

may be their variety, are made by the use of a creel con-

taining about 250 bobbins or other numbers required to

form a complete pattern or part of a pattern, and then

making as many small warps, called sections, as are needed

to complete the width of the cloth to be made and the

Fig. 162.—Section Warping Mill.

number of patterns it will contain. When this number
of sections has been made, they are put together on a

common spindle and wound therefrom upon the loom
beam.

The machine is illustrated in fig. 162, and consists of

parts almost identical with or equivalent to those of the

beaming machine already described for plain goods. The
creel, which is here represented as semicircular, may also

be of the V form. It is usually made to contain about
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250 bobbins. From these yarn passes through the wide
reed shown. In some cases the automatic stop-motion on
the Singleton principle is introduced at this point, but
this having already been described it has not been deemed
necessary to introduce it again. The yarn next passes to

a condensing or contracting reed, partly seen behind the

roller over which the yarn is shown as passing. This

reed is constructed in two pieces, which are hinged
together in the middle, and so made to open and close

somewhat like the covers of a book when set on end. It

is opened or closed to such an extent as to bring the yarn
into the compass of and evenly distribute it over the

diminutive beam termed the section-block, upon which it

has to be wound. The remainder of the headstock con-

sists of the necessary mechanism for winding, compressing,

measuring, marking, and doffing the section warp when
completed.

In working this machine the warper brings the yarn

from the creel through the parts of the machine already

described, runs the headstock a few revolutions without

yarn, adjusts a section block between the two outer

flanges, fastens the yarn in a hole made in the block for

the purpose, turns the machine half a revolution, then

puts in the lease cords and turns the machine another

half a revolution. This brings the lease cords over the

top of the measuring roller, the starting-point from which

the measurement of the piece lengths must be made.

There is a special piece of mechanism for this purpose

termed the measuring motion. It is adjusted and con-

nected on starting a section for marking by drawing out

of gear the small double wheel, E, which connects with

the wheel, f, and the worm below it ; then turning the

wheel, F, which is a dial wheel numbered in sections of 5

up to 100, though the figures are not given in the

illustration, to the left, until the movement brings the

number corresponding to the length of yards required

opposite a pointer fixed below, and the highest number on
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the' star wheel behind, f, to the same position. Then the

double wheel, b, is replaced into gear as before. The
link-rod, A, is next taken off, and the toothed sector

wheel, an arm of which bears the patentee's name, and

the sector is wound down as far as possible by means of

the handle, c, the two catches impelling the ratchet-

wheel, d, being set back whilst this is done, when they

are replaced. The first section warp, which usually con-

tains one of the selvages, may now be proceeded with.

A short length to form the " thrums " is first wound,
which brings the number 100 on the wheel, F, exactly

opposite the pointer. This movement rings the pointer

bell. The cut or piece mark is then put on the yarn.

The double wheel, e, is again drawn out of gear, the

wheel, F, turned round in the direction in which it runs

until the number corresponding with the length of the

piece is again brought opposite the pointer, when the

wheel, E, is replaced, and the winding of the section pro-

ceeds until it has been about half completed, when the

pointer on the radial piece, G, behind the connecting link,

A, must be fixed opposite to the line on the lever, H. The
rod, A, must then be replaced, which is done by moving
the two studs which carry it in their respective slots until

the link can be put on easily without changing the position

of the line on the bottom lever carrying the stud, rela-

tively to the pointer on the radial piece, G. The work is

then proceeded with until the section is finished.

The measuring motion is only required for the piece-

marked section of the warp, and is afterwards thrown out

of gear. In winding the subsequent sections care must
be taken that the same number of revolutions are wound
upon them as upon the marked section. These are given

on the dial and star wheels.

The sections are easily doffed and the mechanism quickly

rearranged for succeeding ones.

When a sufficient number of sections have been made
for forming a warp, they are placed together on a spindle
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and wound off upon a loom beam in a running-off machine,

which is illustrated in fig. 163. This is a beaming

machine, and is so simple that it will be comprehended

without any further explanation by those who have perused

the preceding pages.

It has previously been pointed out that the old system

of ball warping, even when followed for making plain grey

cloths only, was seriously defective. It was much more

so when the warps, before passing to the loom, had to be

bleached or dyed. In either of these cases the additional

handling was very liable to magnify every fault. This

was so much the case, that in dyed warps, especially in

beaming, the warps had to undergo a dressing process,

not the dressing process that will be shortly described as

being an elementary stage of the sizing of to-day, but

which consists of a careful examination of the warp as it

is being beamed, piecing the broken threads, taking out

knots, disentangling twisted portions, and otherwise clear-

ing the warp from every obstacle to the weaver's opera-

tions. This was a very expensive treatment, and still re-

mains so where no improvement has been adopted.

Appreciating the serious drawbacks of the old system

of ball-warping, Mr. Garstang, a Lancashire manufacturer,

a few years ago invented a new warping machine for

making ball warps for bleaching or dyeing purposes

specially designed for obviating the difficulties encountered

in the ordinary process. This is illustrated in fig. 164.

In it the inventor avails himself of the large beams made
upon the beaming machine for the modern sizing machine.

The new machine contains a creel, A, for the reception of a

sufficient number of these beams to make a warp of the

required width. The lease is obtained at starting in the

ordinary way, and in combining them the warp runs off

perfectly straight, and perfectly free from the twisting

which takes place in the ordinary system. Instead of as

in the slasher sizing system, the contents of each beam
being superposed on each other in succession, each sheet
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of threads is drawn from its respective beam over a set of

three rollers, b, the middle one of which forms a tension

drop roller, which automatically takes out the slack and

thus aids to make the sections of perfectly uniform length.

The beam creel is placed at a sufficient distance from the

headstock to allow each sheet of threads to converge by

the time they reach it into a narrow tape of threads, c, of

about three inches width. Each of these sections is passed

beneath a curved conductor, d, which lays them side by
side, not upon each other. Thence the now united sections

pass through a ring, just above which, and enclosing the

warp, is a wheel, e, revolving upon carriers, and itself

carrying a bracket upon which is placed two small bobbins

ofyarn. The revolution of this wheel with its bobbins wraps

the warp with a binding thread which keeps it together,

the turns being about one in every ten inches, or any other

length as may be arranged. A turn in the above length

has however been found sufficient for all purposes. The
warp next passes over a measuring roller, where the piece

lengths are automatically marked, thence around a pair of

friction-pulleys and over a carrier roller into an open sack

arranged for its reception. From beginning to end there

is not a single turn put into the strand of threads forming

the warp.

On the new machine a length equal to three loom warps,

or say 3,000 yards, is run into one, forming one large

warp. This is a great advantage in the matter of produc-

tion, as it enables the machine to make long runs without

stoppages, and thus greatly increases the quantity of

work turned off. In dividing these warps into proper

lengths the lease is " struck " with a comb, as in

" slasher " sizing. At commencement and finish the leases

are taken in sets of ten threads or any other number.
The long warp is a great advantage to bleachers and
dyers, as it almost obviates the tying together of the

warps necessary for the passage in those of the ordinary

length.
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In point of production one of these machines will supply
warps for 300 looms, weaving cloths of from 12 to 15
picks per quarter inch. One man and a boy can take

charge of two machines, thus doing the work for 600
looms. The services of the boy are needed to tie up the

piece-marks to prevent the obliteration of the mark in the

dyeing process, as the tied-up portion does not absorb the

dye. In the old ball-warping machine the warper had not

only to mark the pieces by hand, but had to tie up the

marks in the same manner, his mill being meanwhile
stopped. In the new machine it continues at work. In

the former case a large percentage of the working time is

lost ; in the latter it is all utilized, the boy tying up the

marks as they come forward and dropping them into the

sack.

It will be obvious from this description that the advan-
tages of the new machine are very considerable in the in-

crease of production, economy, freedom from the charac-

teristic faults of the old system, and an absolute improve-

ment of the work as compared with that obtained from

the latter. In the old system throstle or ring-frame yarn

was generally held to be indispensable, but owing to the

better performance of the work in this machine mule-yarn,

which is generally a little cheaper, can be substituted, and

as good results obtained. Changes from plain cloth weaving

to coloured work, and the reverse, can be made with

facility, as up to the point of making warper's beams
the processes are identical. A manufacturer can thus

readily avail himself of the most profitable section of the

market, as in plain cloth the only machines that would be

stopped would be this warping machine and the subse-

quent dressing frame.

The inventor of the above machine has also displayed

his skill in the invention of a new coloured warp-dressing

machine, fig. 165. The frame in ordinary use is well

known to those engaged in this branch of the trade, there-

fore little time need be spent in its description. In its
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use the worker is only assisted to a limited extent by

steam-power, and sometimes not at all. In the former it

is only to the degree of winding the yarn upon the beam.

The dresser, as the workman is called, does all the other

work, which is very light, on the manual principle. The

warp is placed beneath the frame, whence it is drawn

through a set of tension rollers, thence over the " stangs "

or winding-on poles. Between these poles and the beam

is a distance of about twelve to fourteen feet, and in this

space the workman conducts his operations. The warp

having been separated into sections on the poles, the

Fig. 165.—Warp Dressing Machine.

dresser commences by brushing it backwards with a hand-
brush, the length of which extends across the width of the

warp. This brushing partially opens the warp, and re-

moves the impurities acquired in the dyeing process. The
warp is next farther opened in a dressing-reed, and the

threads are again more perfectly separated by the lease

rods. After this it passes upon the beam.

Hand-dressing, as thus described, is a slow and expen-

sive one, the workers earning from 36s. to 40s. per week
for the performance of duties that certainly do not call

for more skill than could easily be acquired by any youth
or young woman from seventeen to twenty years of age,
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and certainly not nearly as much as any average weaver
possesses. The workmen, following practices very preva-

lent in the first thirty years of the century, have kept the

occupation a close monopoly amongst the families and
friends of those engaged in it ; and so exclusive are they,

that even yet in some instances they stipulate that they

shall leave work several minutes in advance of the other

workpeople and return several minutes later in order that

they may not be compelled to mingle with the plebeians of

the industry. This affords a remarkable illustration of

the inconsistency which prevails amongst so many work-
ing people, even when they are asking for the abolition of

all class distinction. Naturally enough where such pre-

tensions are put forward, those who hold them may be

expected to have made themselves troublesome in other

directions.

It was experience of this kind which led to the inven-

tion of the new coloured warp dressing machine. In this

the inventor introduces into the ordinary dressing frame

two parallel bars or side rails, into which he places

stands to carry the dressing brushes, which are thus, as it

were, fixed, and over which the warp runs in its way to

the beam. Before coming to the brush a "ravel" or

" wraithe," a coarse comb, is introduced, which is sus-

pended from cords. This substitutes the dressing reed of

the older frame. The attendant moves it backward and

forward to open the warp into " half beers." In this state

it passes over the dressing brush. At this point we come
to the principal improvement, which consists of the intro-

duction of an expanding reed, of which the inventor also

avails himself to form an automatic stop motion. This is

accomplished by mounting the reed vertically upon two

short standards pivoted in brackets, and kept in a vertical

position by a number of spiral springs attached to a cross-

rail in the frame, and to another upon the standards

carrying the reed. When the warp, through entangle-

ment or any other cause, sticks in the reed, the obstruc-
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tion carries the latter forward towards the beam, and by

means of a connecting rod attached to it, brings into action

a catch, which through a wheel instantly stops the

machine before any warp threads can be broken.

The simplicity and effectiveness of the new machine,

and the perfect manner in which it has obviated the diffi-

culties of the old one, is demonstrated in a very short

time by an inspection of its working. Each of these

machines will do twice the amount of work that can be

obtained from the old one, whilst one man and a boy can

easily superintend two, producing much better work than

before. There is also a large economy in the wages paid

for weaving, the work it produces ranking with " full

dressed work."

There is still another warping machine which calls for a

brief description. This is the chain warping, or chaining

machine, as it is mostly called. The chain or linked warp
is a form of warp best known in the districts where
bleached and dyed fabrics are usually manufactured.

Chaining is a process of linking up a long warp into such

a form as to give it the appearance of a chain. This pro-

cess shortens the warp very considerably, probably two-
thirds, and greatly facilitates the handling in the pro-

cesses of bleaching or dyeing, whilst it permits the free

access of the bleaching liquor or colouring fluids to every

portion of the warp. It is therefore a great convenience

in these stages, and is extensively resorted to in Scot-

land, Yorkshire, and some districts of South Lancashire.

To chain a warp was formerly part of a warper's duty,

and he who could perform it quickly and skilfully was
highly valued. The lack or scarcity of these men led to

the attempt to invent mechanical appliances to perform
the work, but of these attempts very few came to any-
thing approaching a successful issue. Success required
that the movements of the human arm and hand should
be most accurately imitated, and link up and interlock

the warp in such a manner as would form a chain that
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should remain in that condition as long as needed, and

afterwards be unlinked or drawn out with perfect ease

and freedom without damaging any part in doing so.

The most, and indeed completely successful chaining

machine yet invented, is that of the late Mr. William

Hurst, of Rochdale, who exhibited and explained its

working to the present writer a few years ago. Mr. Hurst

was a cotton spinner, and in the course of business traded

considerably in chained warps.

His invention, illustrated herewith (fig. 166), consists

of a machine for making a double link chain or links of

fine strands, by a series of reciprocating mechanical

actions. The inventor fixes two projecting hooks or

horns to the frame, and around these causes a trumpet-

shaped guide to pass in such a manner as to carry the

warp alternately around the horns. Within these horns

grooves are constructed, in which are two other hooks

which advance and recede. Beneath the fixed projecting

horns, mounted upon the tops of two vertical shafts, are

two revolving loopers, and as the trumpet-shaped guide

passes around the fixed horns, the warp it is carrying is

looped upon one of them. The sliding-hook in the latter

then advances, and draws the warp inward along the horn.

The sliding-hook is then liberated from the warp, in order

to be in readiness for its next movement. Whilst these

actions have been taking place, one of the revolving

loopers has passed the previously formed loop over the

second loop, and clear of the extremity of the fixed horn.

This completes the operation, which then begins anew.
This description shows the action of one side of the

machine, and whilst it has been in operation the corre-

sponding side, identical in construction and action, makes
a corresponding series of movements in alternating order,

and between the two the warp is chained in the most
simple and perfect manner, and with the greatest expedi-
tion and ease.

The warp when chained is carried over pulleys, laid in
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a box, and when complete tied up in a bundle and
despatched for the next process. Alternately it may be
allowed to fall upon the floor or into any suitable recep-

tacle, or again, it may be passed over carrier rollers or

pulleys to any convenient place.

The chaining machine makes its warp directly from the

creel of bobbins ; or it will chain a warp from a warping
mill, or any machine by which warps are usually made.

The link it makes is drawn out with the greatest ease,

and the least friction upon the threads, whilst all through

the processes of bleaching or dyeing the latter are kept

well in their parallel order.

The original machine, as described above, has been

modified, and the illustration represents it as constructed

for making two chained warps at the same time. The
alteration consists of the addition of a second linker,

which is of great advantage when it is required to make
chains containing only a small number of ends ; as when
two chains are made together, the liability of the ends to

break when starting the beaming frame, is considerably

reduced by the distribution of the strain over a greater

number of threads. Also by making two chains at once

the cost is reduced. When making only one chain the

second linker is disconnected.
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CHAPTER IX.

Yaen Bleaching and Dyeing.

Yarn bleaching and dyeing.—The processes of bleaching.—The
injector kier, illustrated.—Chloring.—Souring.—Improved bleach-

ing machine, illustrated.—Hank dyeing by hand in tubs and vats.

—Mechanical systems of dyeing.—The Klauder-Weldon machine,
illustrated.— Its advantages. — Hank drying; disadvantages of

stoves.—Improved drying machine, illustrated ; its advantages.—
Hank stretching and brushing machine, illustrated.—Warp dyeing.

—Cop dyeing ; Graemiger's machine ; Crippin's machine, illus-

trated and described.—Practical recipes for dyeing, and where to

obtain them.

THE operations of yarn bleaching and dyeing are some-

times conducted upon the manufacturing premises,

especially when, as is most frequently the case in foreign

countries, the various industries have not become highly

centralized and subdivided as in the English manufacturing

districts. In the latter it is often regarded as preferable to

send the yarn out to be bleached or dyed in establishments

where it is done on an extensive scale and where, conse-

quently, it can be performed with greater economy and

often in a better manner. For the benefit of the former

establishments and of students we may briefly describe the

processes of bleaching and dyeing in their chemical and
mechanical aspects. Yarns are usually submitted to these

processes in the form of hanks or ball warps. Many efforts

have, however, been made to bleach and dye them in the

cop form, as by doing so the cost of two processes, reeling

and re-winding, would be avoided. Recent efforts in this

direction have been attended with a fair degree of success,

as will be gathered from these pages a little further on.

The process of bleaching cotton yarns consists of several

distinct operations, having for their object the discharge of
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the vegetable wax, natural colouring matter, dirt, and
grease in the raw material, the two former beiDg always

present and the two latter liable to be added in the passages

through the stages of manufacture.

The actual process of bleaching varies, as might be

expected, at different establishments, and also according to

the requirements of the subsequent processes through which
the bleached yarns have to pass. Thus, if they are in-

tended to be dyed with common colours, or in dark shades

of browns, greens, blues, or in black, the following opera-

tions will give a fair white such as will yield satisfactory

results :

1st. Boiling in soda ash, or caustic soda, which forms

soap by combination with the oily matters, making them
soluble, and enabling them to be washed away.

2nd. Washing, with clear water.

3rd. Treating with a solution of bleaching powder
(chloride of lime).

4th. Souring, otherwise acidifying.

5th. Washing, as before.

If a more perfect bleach be desired, such as would be

suitable for fine colours, say alizarine pinks and roses,

then the operations become more numerous and require

more care. They are as follows :

1st. Boiling in alkali as before.

2nd. Washing.
3rd. Souring.

4th. Washing.
5th. A second alkali boil.

6th. Washing.
7th. Treating with bleaching powder,

8th. Washing.
9th. Souring.

Oth. Washing.

Possibly in some cases it may be desirable to repeat the

last four operations to get the best effects.
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These various bleaching operations are performed in the

following manner :

1st. The alkali boils are conducted in upright boilers

or kiers as they are called, the tops of which are made
loose so that they can be lifted off for filling or dis-

charging. These tops require to be so constructed and

arranged that they can be securely fastened and the

kier be made steam-tight. One of these is illustrated in

fig. 167. Through the centre of the kier there passes a

steam pipe terminating in a spray diffuser. The alkali

liquor is forced through this pipe by steam. The bottom

of the kier is usually kept covered with a layer of stones.

These kiers are used in the following manner :—They are

first carefully charged with yarn laid in even layers ; the

top is put on and made tight and secure ; by means of

a steam injector the alkaline liquor is forced up the puffer

pipe or central tube previously mentioned, from which it

falls upon the yarn and draining through to the bottom is

again blown up the pipe, and thus kept in circulation for

three or four hours. The steam is then turned off, the

liquor drained away, and clean water run in to wash the

yarn before it is removed from the kier. The quantity of

alkali required to be used in this operation varies ; if soda

ash be employed, from two to three per cent, of the weight
of the yarn ; if caustic soda be used, from one and a half

to two per cent. After being taken out of the kier the

yarn is wrung either by hand or a hank-wringing machine
to press out of it all surplus liquor. Should it be necessary

to wash it again, this is effected by hanging the yarn on
sticks in a large rectangular tank, through which a current

of water is kept flowing, the yarn being turned over from
time to time. From this washing the yarns are wrung,
when they are ready for the chloring or chemicking bath
as it is called.

Thechloringortreatmentwitha solutionof bleaching pow-
der is effected in either stone or wooden rectangular tanks,

the former being to be preferred. The bleaching liquor is



Fig. 167.—Upright Yarn Bleaching Kier.
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used of a strength of 1 to 12.° Twaddel. The hanks of

yarn are hung in this liquor from wooden sticks laid upon
the sides of the tank, or sometimes the yarn is immersed

in the liquor. The former method, however, is preferable.

The yarn is simply placed in it until it is completely

saturated, which only takes a few minutes. The surplus

liquor is then wrung out and the yarns laid in heaps on

wooden stillages for some hours, care being taken that no

part becomes dry. This may be secured by covering them
over with wet cloths.

The souring, which is for the purpose of liberating the

chlorine from the chloride of lime, is carried out in the

same way as the bleaching or chemicking as it is sometimes

called. For this a solution of hydrochloric acid of 1° Twad-
del is used ; or otherwise a solution of sulphuric acid of i°

Twaddel. In this the yarn is immersed for about ten

minutes, after which it is thoroughly washed. This final

washing must be thoroughly well done, so that every trace

of the chlorine or acid may be cleared away. The yarns

may then be wrung out and dried for store if they are to

be used in the white. If for dyeing, they only require

wringing out, when they will be quite ready for the first

operation.

In fig. 168 is shown a machine made by Messrs. Mather
and Piatt, of Manchester, in which all the operations of

boiling, chemicking, and souring can be done without

removing the hanks of yarn from the machine. This is

a considerable advantage, as it saves labour in handling

and tangling of the yarn. As will be seen, it consists of a

wooden tank furnished with a false bottom, on which the

yarn is placed. On the floor beside the tank are three

cisterns for the reception of the liquors with which the

yarn is to be treated. Centrifugal pumps, with the neces-

sary pipes, connect the tank and the cisterns, and a steam
injector is provided for spraying the goods with the alkali

liquor. The yarn to be bleached is placed in the tank, and
the pump, connected with the alkali cistern and the steam
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injector is set in motion. This draws the liquor from the

cistern, which is conveyed through the tubes and sprayed

over the yarn in the tank. The liquor drains through the

yarn and runs back into the cistern whence it was first

drawn. This circuitous movement is continued until the

treatment is regarded as sufficient. Then the yarn is washed
with water. The first pump is then stopped, and the

second pump connected with the chemic cistern is set to

work, and the liquor sprayed over the goods in like manner.

When this has gone on a sufficient length of time it is dis-

continued, and the yarn is next treated with a weak acid

liquor, sent over it from another pump from the acid

cistern. The yarn is then well washed with clean water,

and this completed, it is ready for drying. This machine is

a very economical one, as it saves a good deal of handling.

A few remarks may here be appropriately introduced on

the subject and process of dyeing cotton yarn. This is

generally dyed in hank or warp state, the first named
being the form in which it is mostly so treated. In

either state it may be dyed by hand or machine. The
mechanical method of treatment is, however, coming
strongly to the front, as larger quantities can be treated,

less labour is required, and a smaller quantity of dye-stufi'

is used, so that mechanical dyeing has been demonstrated

to be the most economical method.
In hank dyeing by hand, when the yarn is in small lots,

bath tubs are used of such a depth that they will receive

the full length of the hank when hanging straight down
from the stick from which it is suspended. These sticks,

which are placed horizontally across the tubs, are usually

made of hickory or ash, with as smooth a surface as can

be got upon them. The sticks are supported by the edges

of the tub.

When larger quantities of yarn are being treated, large

rectangular vats or troughs are substituted for the tubs.

These are of such a width that the sticks of yarn can be

supported by the sides, the depth being sufficient, as
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before, to receive the length of the hank. The dye liquor

in the vat is heated by means of a steam pipe passing

along the bottom.

The method of working is the same with both tub and
vat. A bundle of yarn in hanks is placed upon a stick

and carefully shaken in order to loosen it as much as

possible, so that the dye liquor will perfectly and evenly

penetrate it all alike. It is then dipped into the dye

liquor which has been previously poured into the tub or

vat. After one or two dips, the yarn is lifted and turned

on the stick, so that the portion that was in the first in-

stance upon the stick now hangs down to the bottom, the

bottom portion having been brought to the top. The yarn

is then again dipped, and allowed to hang in the liquor.

Every bundle of yarn in the lot which is to be dyed passes

through this operation. Next the first stickful is taken

and the yarn turned over, re-dipped, and hung in the dye

liquor. The second and the following sticks are dealt

with in the same manner until all have made the passage

once more. This is then repeated until the proper shade

has been gained. It is next taken out, wrung free from

surplus dye liquor, well washed and dried. It will be

apparent from these observations that all the movements
of the yarn in these cases are effected by hand.

In the mechanical system of dyeing nearly all are per-

formed by the machine. Of these there are a number.

One of the best and of the most recent introduction is the

Klauder-Weldon machine, several illustrations of which

are given herewith, from which the construction and mode
of working will readily be gathered when aided by a brief

description.

The illustrations given of the machine obviate the

necessity of any lengthened description, as they will speak

powerfully to the eye of the practical man in commendation

of its simplicity and merits. As will be seen from fig. 169,

the machine consists of a wood framework or casing,

the bottom part of which forms the beck or trough to con-
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tain the wash or dye liquor. Two discs properly mounted
constitute a reel or skeleton cylinder, which is arranged

horizontally in the frame, and is completed by the sticks

carrying the yarn or slubbing which, when in position,

form the periphery. The whole is covered in as shewn,

and when at work the doors are closed. Fig. 170 shews

the machine charged with hanks and ready for work.

Fig. 169.—The Klauder-Weldon Dyeing Machine.

Fig. 171 shews the driving-gear, the cylinder axis pro-
jects to the outside of the casing, where it carries a
worm-wheel, gearing into a worm. It is driven through
suitable connections from the pulley as exhibited. If re-
quired it may be driven from a pair of step cones by which
variations in speed may be had if desired. In this ill us-
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tration the cover is removed, the machine is shown charged

with yarn, with the hanks sustained in position by one

end being carried upon the stick as seen, and the second

upon another stick which finds its position near the axis.

In fig. 172 is given a view on the side opposite to the

gearing with the pan from which the vat is fed.

The yarn is placed upon the sticks just in the manner

Fig. 170.—The Same charged with Hanks.

it would be if turned by hand, and it is turned by an

automatic trip which rings a bell if from any cause a skein

or skeins should fail to revolve. In the event of such an

interruption occurring, it requires but a moment to find

the cause and correct it. A second set of sticks is furnished

with each machine, so that whilst one lot is being dyed,

another can be placed upon the second set to be ready for

placing into the machine as soon as the first has been taken
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ont. This prevents the machine standing idle whilst the yarn

is being got ready. It can thus be kept almost continually

in operation, which is a great advantage. The machine

can be rapidly charged and discharged, as 100 lb. can be

put in or taken out in the short space of three minutes.

Fig. 171.—Shewing Gearing-End and Cover Removed.

In the larger machines the quantity can be increased to

300 lb., the time for dyeing being no longer.

The vat is charged with dye liquor from the pan on the

left-hand side of the machine, figs. 170, 172, in which the

dye-stuff is dissolved, and from which it passes into the

vat whilst the machine is in operation. There is no need to

withdraw the yarn from the vat whilst the fresh dye liquor

is being added, as is the case in the skein-dyeing machines
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generally in use. The revolution of the yarn cylinder

quickly and thoroughly diffuses the added liquor through-

out the vat, immediately making it all of uniform strength.

When the machine has been charged, and sufficient dye-

stuff has been added to match the shade required, no

further attention is needed until the dyeing is finished

Fig. 172.—Shewing Feed-Pan.

and the yarn is ready to be removed. Here, too, a gain

of time results from the power of adding the dye-stuff

without stopping the machine.

Having loaded the machines, the attendant can pei'form

other work, and his boy assistant can attend to from two
to four machines, having nothing to do after helping to

load and unload until it is time to " take a matching off"



YARN BLEACHING AND DYEING. 309

for the dyer to compare with his pattern. This is done as

quickly as by the open vat process. It is part of the

boy's duty also to attend to the alarm bell
5
but this may

not be heard more than once in a week. The boy in

attending to these machines does the work of many men
on the old systems, and the gain from the saving of

labour alone in one year will more than recompense the

outlay upon the machine. Even in dyeing small lots the

labour of the boy displaces that of two men.

In dyeing by open vats it is well known that the tem-

perature cannot be raised above 204 degs. without the

yarn being steam-blown and tangled, but in this machine,

by its being enclosed as shown, it can be carried up to

212 degs. in the dye-bath, which obviously constitutes a

very important gain. The additional heat accelerates the

dyeing so much that as much work can be accomplished

in five minutes as in the usual way can be done in fifteen

minutes. The heat ordinarily wasted is thus much more
perfectly utilized, and a large saving of fuel is effected,

while the atmosphere of the dye-house is kept almost

entirely free from steam. This fact alone is a great ad-

vantage, as it adds so much to the health and comfort of

the workpeople.

Estimated on an average of the colours most in use, one

machine will mete out and dye in ten hours 1,000 lb. of

cotton yarn ; it will dye 1,200 lb. to 1,500 lb. of worsted
yarn ; and of carpet yarn 2,000 lb. to 3,000 lb. Owing to

the several points favourable to economy we have already

described, there is a considerable saving of dye-wares,

often to the extent of 25 per cent.

In economy of labour, in the saving of dye-stuffs, in the

higher utilization of steam, in the greater production and
the improved quality of work realized by the use of this

machine, it will be obvious that dyers must realize a great

advantage by its early adoption.

There are several other machines, known by the names
of Boron, Corron, and Craven. These differ in both prin-
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ciple and details, but there is no call for a description of

them here.

In the various processes of bleaching, dyeing, or sizeing

yarns in the hank, it will be evident that drying becomes
a necessity. But as quickness is always economical, it

will be equally clear that to wait for the natural drying

of wet yarns in the damp atmosphere of the English
manufacturing districts, would involve a long delay and
great uncertainty as to when it would be completed. This

soon led to the drying of yarns in stoves heated to high
temperatures. But the subjection of vegetable matter,

such as the cotton of which the yarn is composed, the

colours with which it is impregnated, or the starch and
other materials with which it may be sized, is highly

objectionable, as discoloration of the fibre is likely to take

place, dispersion of the colouring matters to occur, or the

baking of the starch, from all of which deleterious effects

upon the yarns result. It becomes preferable, therefore,

having in view the attainment of the best results, to dry

the yarn whenever required by atmospheric means at a

moderate temperature, and in as dry an atmosphere as

can be obtained. A temperature of from 70° to 100°

would do no harm, whilst from 100° to 200° might do

much in tendering and discolouring the yarn, or baking

the starch upon it. Care of course must be taken to get

quit of the atmosphere in a drying room when it has

become highly charged with the moisture liberated from
the yarn, and this because its power of further absorption

becomes correspondingly less. If the circulation of the

air through the drying room is not satisfactory, it ought

to be forced by the use of propeller fans.

In order to attain the advantages of quick drying free

from the disadvantages of the ordinary method, a hank
drying machine has been invented, which is illustrated in

fig. 173. As will be seen, it consists of a cylinder almost

like that of a reeling machine, in which, however, the

yarn, instead of being arranged upon its periphery, has
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one end of the hank passed around an external bar, and

the other over a rod arranged to fit in a position near its

axis. These bars and rods are loose, and the machine is

furnished with two sets, so that one can be in process of

loading, whilst the contents of the other are drying in

the machine, thereby avoiding loss of time. The driving

is at about 110 to 120 revolutions per minute. Under

Fig. 173.—Hank Drying Machine.

average conditions, one of these machines will dry from

400 lb. to 450 lb. per day of ten hours.

As this machine was first made, it was found that the

portions of the hanks in contact with the bars and rods

were not dried as soon as the others which were exposed

to the free action of the air. To remedy this the makers
have recently introduced an improvement, whereby the

hank can be automatically traversed around the bars and
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rods, so as to bring the protected portions under proper
exposure, giving a uniform drying throughout.

By this method of drying the important qualities of

softness, elasticity, colour, and finish of the yarn are pre-

served ; there is a considerable saving of fuel and a dimi-

nished risk of fire ; the dispersion of colours from one set

of yarns and their absorption by others in the same room
upon which they are not wanted is prevented, the yarns

therefore preserving a brighter and fresher appearance

through the absence of neutralization. Its use also results

in a great saving of space. It is constructed to receive

various sizes of hanks.

In yarn dyeing the dyeing of each colour is of necessity

done separately, and the subsequent sizing process must
be conducted similarly in order to prevent the running of

the colours into one another, as they would do were they

to be sized together. Hence the necessity has arisen for

hank-dyeing, hank-wringing, and hank-sizeing machines,

all of which are different from one another. Many
colouring matters are of a very harsh character, and cause

the threads to adhere considerably to each other, as, for

instance, buff colours and others that could be named.

The dipping of the hanks into the liquid bath also causes

the threads to spread themselves, and when they are lifted

out to overlap one another to a considerable extent. This

necessitates a shaking or disentangling process, and where

the threads adhere, brushing has to be resorted to in order

to prepare the hank for the winding process. The stretch-

ing and brushing has, hitherto, mainly been done by men,

at considerable cost in wages. To obviate this the

machine illustrated herewith, fig. 174, has been invented.

It is a combined hank-shaking, stretching, and brushing

machine. It consists of two rollers, which are composed

of copper, to prevent oxidation from contact with wet yarn.

These, as will be seen, are arranged horizontally, one

above the other. The top one revolves, and is positively

driven. The lower one is free to turn upon its axis, and
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is so mounted that in working it can be and is raised from

its lowest position several inches by the revolution of a

cam. When it has attained the top of this movement, it

is permitted to fall without check or impediment, and

this fall, which is arrested by the hanks suspended upon

the top roller, shakes the latter, and re-arranges the

threads in a more perfectly parallel order. There are

^P- :

Fig. 174.

—

Hank Shaking and Brushing Machine.

also two flat reciprocating brushes, one passing through

the hank, and the other outside. On the fall of the

bottom roller, and while the yarn is held in a tense state,

these brushes close upon it, and then move vertically

downward, thus brushing the yarn upon both sides of the

hank. All this time the yarn is revolving, being delivered

from the positively-driven top roller to the bottom one.

Of course the rate of movement of the brushes exceeds
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that of the yarn, or no brushing operation would result.

The yarn whilst undergoing this treatment spreads out
upon the rollers, and would run off at one end, but this

tendency, which simply proves the efficiency of the action

of the machine, is controlled by a guard, shown near the

top roller. This has two projections upon it, between
which the yarn is confined. The machine is furnished

with an indicator, which rings the bell when the hank
has completed the one or more revolutions that may be

necessary for sufficient brushing. When this has been
given, the bottom roller is raised by a lever, the yarn
guard drawn back, and the hanks removed. The ma-
chine is then again supplied with hanks, and the work
resumed.

This machine has been specially designed to meet the

requirements of the coloured branch of the cotton trade,

and such others as proceed on similar lines, in which the

yarn is chiefly dealt with in the hank form. Its pur-

poses are for stretching and disentangling the yarn and
for laying down the fibres upon its surface, all these

being required to enable it to be worked with facility in

the next process, that of re-winding. It is used with hank-

sizeing and hank-drying machines, and is very effectual

for its purpose, as with it a boy can easily do the work of

two experienced men who work on the hand system.

Cotton yarns are sometimes dyed in the condition of

warps. This is done in a dyeing machine consisting of a

series of three or six vats. Between each two vats are a

pair of squeezing rollers. Guide rollers are introduced

into each vat, the object of which is to cause the warp to

pass up and down several times in the vat, thus securing

repeated immersion and thorough saturation. The vats

are filled with the dye liquor, and the warps passed between

the guide rollers into the first vat ; emerging from these

they go between the squeezing rollers which press out the

surplus liquor. This is repeated until every vat has been

passed through, each passage being equivalent to a dip.
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If one passage through the machine does not produce the

desired effect, the operation is repeated.

Usually indigo is the chief colour dyed upon warps, as

it is more tractable in warp dyeing than any other colour.

Sometimes the warp is simply laid down in the indigo vat,

allowed to steep a short time, then it is drawn out through

a pair of squeezing rollers and over a winch. This is

placed at some distance above the vat so that the indigo

has time to become oxydized before the warp reaches it.

There is yet another form in which yarn is dyed, and
that is the cop form as it comes from the mule. There

has long been a strong desire to accomplish this in a satis-

factory manner, but for a long time very little success

attended the efforts made to solve the problem. Of late

years, however, some considerable progress has been made,

and it would appear that complete success is almost within

sight if not already attained.

The advantages of dyeing yarns in the cop would be

considerable. It would save the cost of the reeling pro-

cess altogether, and it would diminish waste. The diffi-

culties, however, seemed almost insuperable. Simple

immersion of cops in a dye liquor, however prolonged, is

not sufficient ; for whether the saturation commences from

the exterior surface or the interior by means of the spindle

holes, or whether it is conducted by both of these ways
at the same time, the dye liquor has to filter through the

successive layers, and consequently as it approaches either

surface it has become weakened and has less colour to

impart to the last layer than it gave to the first. This is

the case in whichever direction the process of saturation

is conducted. It is also the same when operating in the

two directions at once. Besides this the time required is

very great. This, however, would not matter much if the

result was satisfactory, which as the process has been
usually conducted has not been the case. It has never
been possible to get anything like a uniform shade of

colour. The mechanical construction of the cop has pre-
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vented this, the result having been that the exterior layers

have been dyed of a full shade while the central portion

has been quite white, grading from that through all the

intermediate tints to the full colour of the outside layers.

During the past two years, however, two cop dyeing

machines have been constructed which have attained

marked measures of success. The first of these is of Swiss

origin, the inventor being named Graemiger. The second

is a Lancashire invention, that of Mr. Orippin, a Man-
chester manufacturer.

Graemiger's invention consists of a hollow drum which
is fixed in a dye vat so that the lower half is immersed in

the dye liquor. Internally this drum is divided by parti-

tions into four segmental chambers, the two lower ones

being connected with a centrifugal pump. One of the

upper chambers is connected with an air pump. The
third chamber is open. The ends of the drum are per-

forated. Against each side, and arranged to be in very

close contact, are two discs which are also divided into

segments corresponding to those of the drum and per-

forated in . a similar manner with holes which correspond

exactly in position with those in the sides of the drum.

The cops are placed on perforated tubes of special con-

struction, the ends of which fit exactly and tightly into

the holes in the discs.

The action of the machine is this : the vat is fitted with

dye liquor, heated by steam pipes if necessary, the pump
is set in operation and draws the dye liquor through the

holes in the drum which it returns to the dye vat. The
top left-hand segment of the discs is filled with cops pre-

viously placed on the skewers. The drum is given a

quarter of a revolution which immerses the cops in the

dye liquor. The suction of the pump draws the latter

through the cops. The next segment of the discs is

charged, carried, and saturated in a similar manner, and

the third is treated likewise. This brings the segment

first immersed out of the dye liquor and into contact with
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the right-hand segment of the upper half of the drum.
The air pump in connection therewith draws air through

the cops and exhausts the superfluous liquor. The pro-

cess is then finished, the cops being usually sufficiently

dyed. The revolution of the machine is partially auto-

matic. Every lot of yarn put into the machine goes

through this cycle of operations.

The cop dyeing machine of Mr. Crippin is constructed

on different lines though embodying its leading principle,

saturation of the cops by atmospheric exhaustion. This

machine, illustrated in fig. 175, consists essentially of

three parts: 1st, a dye vat or tank for the reception of

the dye liquor, heated if required by steam pipes ; 2nd, a

dyeing chamber placed at one end of the dye vat with

which it communicates ; 3rd, exhaustion or receiving

cylinders placed at the opposite side of the tank. The
dyeing chamber is cylindrical in form, and is open at the

bottom to the dye vat whilst at the top it communicates

with the exhausting vessel mentioned.

In charging it the cops are placed on perforated skewers

of a special construction. From 150 to 200 are skewered

and fixed on a circular perforated plate termed the cop

plate, which is placed in the cop chamber and is so con-

structed that when in position it divides the chamber into

two portions. When the cover of the chamber is put on it

presses tightly on a projection on the central part of the cop

plate and keeps it firmly in position. By means of a steam

injector a vacuum is formed in the exhausters, and by

suitable connections this is communicated to the cop

chambers, and by means of this the dye liquor is drawn
from the dye vat through the cops and into the exhausters

or receiving vessels. When a certain quantity of the dye

liquor has been drawn through the cops, which is indicated

by gauge glasses, a vacuum is created on the opposite side

and the flow of the dye liquor is reversed, it being drawn
from the cop chamber to the vat.

These operations are repeated four or five times when the
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cops are found to be thoroughly dyed. Air is then drawn
through them which forces out all the surplus dye liquor,

the cop plate is removed from the chamber and the cops

dried, which finishes the operation.

Fig. 175.—Crippin's Improved Cop Dyeing Machine.

This machine works in an exceedingly efficient manner,

and gives perfectly uniform shades in each cop and through-

out all the cops of a batch, and all successive batches when
the usual care is taken to keep up the strength of the
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liquor ; and this uniformity of shade throughout successive

batches is a matter of considerable importance. It can be

used very successfully in the dyeing of the direct cotton

colours, such as benzo-purpurine, or the Titan colours. It

may also be used in the dyeing of diazotizable colours,

such as diamine blacks or browns, and also with basic

colours, such as magenta and auramine, while with a

certain modification in its construction it gives excellent

results with indigo.

Cop dyeing is very rapidly effected with Mr. Crippin's

machine. Five minutes is usually sufficient for dyeing a

simple colour like benzo-purpurine, or Titan yellow ; and
twenty-five minutes will suffice for producing a diazotized

diamine black. A basic colour like auramine takes ten to

twelve minutes. Hitherto good results have not been

attained with mordant colours like alizarine, but by the

use of the Erban Specht process, or some modification of

it, more success might result.

There are other cop dyeing machines, but they have not

been a commercial success, and call for no farther notice

here. Those who are interested beyond satisfaction with
what is given here may refer to a valuable paper upon cop

dyeing by Dr. C. O. Weber, which appeared in the

"Journal of the Society of Chemical Industry " in 1892.

It would be out of place in this essay to burden its pages

with recipes for dyeing, but the author may be permitted
to direct the attention of those interested in this depart-

ment to the columns of the "Textile Mercury," in which
the earliest and the most abundant information is given
relating to new dyes, processes, and their practical appli-

cation and values as judged from a workshop and com-
mercial standpoint. This journal is issued weekly by
Messrs. Marsden & Co., Manchester.
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CHAPTER X.

The Development op the Aet of Deessing oe Sizeing, and
the machineey employed in the peocesses.

Sizeing : its meaning and purpose.—Early Indian sizeing.—The
sizeing of Dacca muslins.—Indian size.—Early English size ; a
recipe.—Recent progress in size compounding.—The mechanical
appliances of sizeing.—Hand warp dressing and drying.—Duncan's
suggestions of improvements.—Hand warp sizeing.— Sizeing shops.

—Warp-dressing in the power-loom.—Radcliffe's suggestions for

improvements.— Johnson's invention of the dressing machine.—De-
tailed description, with improvements, illustrated.—Further im-
provements by other inventors.—Hornby and Kenworthy's tape-

sizeing machine.—Kenworthy, the inventor.—His tape-sizeing

described and illustrated.—Its distinctive merits.—James Bullough,
the inventor.— Stimulation to invention.—Bullough, Walmsley,
and Whittaker's invention of the '

' Slasher " sizeing machine, an
improvement upon the tape-sizeing machine.—Improvements of the
Slasher by Atherton, Kinlock, and Swainson, and William
Garnett.—Leigh's " silica " size ; results of experiments with it.

—

The Slasher sizeing machine of to-day; description and illustration.

—The creel.—The size trough.—The boiling pipe.—The immer-
sion, sizeing, and pressure rollers.—Importance of keeping the
rollers in order.—The passage of the yarn.—The drying cylinders.

—The headstock : the fan, the opening rods, the measuring roller,

and the marker.—Ball warp and hank sizeing.—The hand hank-
sizeingmachine, illustrated.—Thepowerhank-sizeing machine, *7/«s-

trated.—Size for coloured yarns.—The systems of sizeing in use, and
the causes of their maintenance.—Ball warp sizeing.—Dressing.

—

Slashing.—Hank sizeing in parti-coloured goods.—Cotton manufac-
turing, spinning, and weaving ; the operatives.

IN the advanced stage of the art of cotton manufacturing,

as it exists at the present time, sizeing is correctly re-

garded as the most important process of the series included

in the second division of the trade which is the subject of

this treatise. The nature of cotton yarn, which is com-

posed of short filaments of vegetable down, loosely com-
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pacted into a thread by spinning or " twisting," as it is

sometimes called, renders some sort of dressing, or

" sizeing," the meaning of which will be best understood if

we take starching as its equivalent, necessary before it can

be woven into cloth with any facility or satisfaction. In

passing we may observe that cotton is not a "fibre,"

though commonly spoken of as such ; this conception is a

popular error. It is a vegetable seed down. Sizieng is

the application to the yarn of a starchy or glutinous com-

position, which passing between the loosely compacted

filaments causes them to adhere firmly together, and thus

the better to resist the strain and friction incident to the

weaving operation. The strain arises in the formation of

the shed for the passage of the shuttle, as explained at an

earlier stage ; and the friction in the passage of the warp

over the carrier beam, under and over the lease rods, and

through the healds and the reed. The severe action to

which the yarn is exposed in the rubbing of the threads

against one another, against the healds in shedding, by

the friction of the reed in its movements to and fro, and

by the passages of the shuttle through the shed, renders

this protection absolutely necessary. Were single cotton

yarns to be used without sizeing, they would soon fray and
break, or ends of filaments or fibres, as we may call them
for convenience, and which stand up above the common
surface of the yarn, would break off, and gathering

together would form " beads," or " runners," as weavers

term them, behind the reed, which gradually getting larger

would break down the warp threads. The process of

sizeing lays these projecting extremities of the filaments

upon the body of the thread, rendering it smoother,

stronger, and much better fitted for its purpose than

before.

There can be no doubt but that the earliest Indian

weavers of cotton would experience these difficulties, and
it is equally certain that there must have been a very

early resort to a simple system of sizeing before much
T
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useful result could have been derived from the attempt to

weave it. Testimony to this effect is found in the Insti-

tutes of Menu, No. 397. " Let a weaver," says Menu,
" who has received ten palas of cotton thread give them
back increased to eleven by the rice water, and the like used

in weaving, &c."

In the manufacture of the celebrated muslins of Dacca,

a great deal of care was taken and labour made of this pro-

cess. The yarn was steeped in water three days, the water

being changed twice a day ; then rinsed, reeled, dried,

and then reeled off into skeins. These were again steeped

in water, withdrawn, wrung between two sticks, and ex-

posed to dry in the sun. The next stage was to untwist

them and immerse them in water mixed with fine charcoal

powder, lampblack, or soot scraped from the sides of an

earthenware cooking vessel, in which they were left for

two days. Being withdrawn they were rinsed in clear

water and hung up in the shade to dry. These skeins

were again reeled, and again steeped in water for one night,

removed and spread out over a fiat board and rubbed over

with a size or paste made of coie paddy, or rice from

which the husk has been removed by heated sand, and a

small quantity of fine lime mixed with water. Such,

very briefly stated, was the method of sizeing followed in

Dacca as we are informed in " An Account of the Cotton

Manufactures of Dacca in Bengal," by an English gentle-

man who resided there in the first half of the present

century. It would be interesting did space allow to com-

ment upon some of the particulars given by this writer,

but the indulgence cannot be permitted.

In the ordinary processes of manufacturing in India it

is hardly likely that such an elaborate method as that

roughly sketched above would be followed. It is known,

however, that rice has formed the basis of the size used

in India from the remotest times, as the extract from

Menu given previously sufficiently proves. As a rule it

was what in an English home would be simply called
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starch. In the manufacture of the muslins as described

above, the subjection of the rice in the husking process

to a treatment with hot sand might very probably trans-

form the starch it contained into an impure dextrine, or

British gum as it is now commonly called.

Elaborate and careful tests have been made of the per-

centages of size contained in cotton goods of the native

Indian manufacture. Cotton Loongees were found tc

contain from 2*75 to 15 "3 per cent. ; cotton Sarees from

6*54 to 13*4 per cent. ; muslins from 3*8 to 2378 per

cent., the remarkable fact in this instance being that the

finer qualities contained the largest amount.

As previously shown, the English weaver of cotton

began with and, for more than half a century, only used

cotton yarn for weft, his warp being of flax. This required

sizeing almost as much as cotton, consequently when he

began to make his warps from Arkwright's water twist

he was not quite a novice in sizeing. The materials most
commonly used were wheat flour and potatoes boiled to

the required consistency in water, and without the addition

of the other materials now commonly employed. As the

modern sizer well knows these would lay the loose fibres,

consolidate the yarn, and give a certain amount of smooth-

ness, but in the dry terms of the year, such as during hard

frosts, dry winds, or hot weather, they would too readily

part with their moisture to the atmosphere, leaving the

warp harsh, dry, and difficult to weave. In the latter half

of the last century the conditions of living were very diffe-

rent to what they are now ; the fresh foods that are now
procurable all the year round were not then to be had,

and in some districts salted fish, and in others bacon and
salted beef formed important staples of diet. In the pre-

paration of these brine was extensively used. Some
genius connected with the art of weaving was struck with
the idea that the warp might be " cured " or rendered softer

and easier to weave if a portion of fish, or beef brine, was
added to the size. This was done with benefit, and its
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use continued far into the present century. When these

sources of supply began to fail a curious substitute was
adopted : this was human urine, which was collected at

the mills and works, and often from the public urinals in the

streets in receptacles for the purpose. This was done up
to as recently as 1850-60. It was then discovered that

there was nothing essential in these liquids beyond the

salt they contained, and as a consequence common salt

began to be added to the flour and potato starch generally

used, a corresponding disuse of urine following.

A considerable time previous to the above date, how-
ever, a good deal of crude experimentation amongst
weavers and others interested was going on. Warp
sizeing had become a separate business to a great extent,

and every sizer made a different compound for the purpose

which he kept as secret as he could from all competitors.

The efforts made were chiefly directed to increasing and
maintaining the softness of the warp during all conditions

of weather and atmospheric changes. That these gradually

led to a measure of success will be apparent from the

following recipe of a size extensively used by good sizers

in both England and Scotland in the years 1840-50.

" Take 1 lb. of Soft Soap,

2 „ Tallow,

2 „ Soda.

Mix them well with as much boiling water as will reduce

the mixture to the consistence of cream—then take seventy

or eighty gallons of water, milk-warm, put in it about

240 lb. of good flour, and then add the mixture, taking

care to stir all well together ; and in three or four days

the size will be fit for use. It is then to be reduced as

the work may require it on being put into the tub."

From this it will be evident they were on the right

track, but as yet a long distance from the goal. The

Lubricants, as the first three articles were termed, were



DEVELOPMENT OF THE ART OF DRESSING. 325

used in various other proportions by different sizers ; to

keep the cloth a good colour some substituted white soap

for the soft.

We need not trace in minute detail the progress of the

art of sizeing and the composition of size, as a brief sum-

mary will now suffice for the remainder of the review of

the subject. The great progress that has been made
during the past thirty-five years had its origin in the

American Civil War. The cotton famine in Lancashire,

induced by that event, completely disorganized the cotton

manufacture, and the commerce in its products. The
great trade with the Eastern world was conducted upon

the basis of conformity to certain particulars. The staple

articles had to be of given dimensions, contain specified

numbers of threads of warp and weft in the inch of cloth,

and to be of certain weights, or they were practically un-

saleable. To the minds of Eastern consumers these weights

formed almost a guarantee that the fabric contained a

certain amount of cotton, and the piece of cloth under

ordinary conditions could always be bought within a given

range of prices. As cotton became scarce and rapidly

advanced in value, compliance with these requirements

became impossible, and disorganization of the trade

quickly followed. Attempts were therefore made to

make up the weight by the addition of extra size, which
up to a certain extent was successful. But the limit of

this effort was soon attained in the then state of know-
ledge of the subject. The inferior quality of the cotton

that came into use, and the imperfect yarn it produced,

would not carry a heavy weight of size, breaking down
under the burden. Then again the size was badly com-
pounded, and in the process of weaving a great percentage

was rubbed off and wasted. Kaolin or China clay was
the chief material introduced in addition to the previous

ingredients, and being perfectly neutral from a chemical

point of view, and divisible into the most minute state, it

proved an excellent article for the purpose. The difficulty
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was to keep it in the yarn, and this problem was not

solved for some time.

We may now briefly glance at the mechanical ap-

pliances of sizeing in their course of development in this

country. The earliest system of sizeing or dressing of the

warp was that of the hand-loom weaver, who dressed his

warp in the loom. Having prepared his size in the

manner indicated previously, he rubbed a portion upon a

brush about 18 inches long and about 3 inches wide, the

brush being composed of the best black bristles. Taking

a second brush of like dimensions, he worked the two
together until the size placed upon them was evenly dis-

tributed. He then proceeded to the back of his loom,

and began to brush the extended length of warp back-

wards from the lease rods to the beam, thus laying the

loose ends of the filaments of the cotton upon the yarn in

the manner best suited to its passage through the healds

and reed afterwards. When this was finished the warp
length just sized was wet, and could not be woven until

dried. To effect this with more expedition the weaver

introduced a wing-shaped fan, which he waved back-

wards and forwards over the damp warp. Still in wet

or damp weather the atmosphere had little power of

absorbing moisture, so another method of effecting the

object was resorted to. This was the " drying-iron," a long

iron bar with a flattened end, which would reach across

the warp. The flat part was made red hot, and moved
over the top of the warp, as near to it as could be got

without touching it. Many a warp has been burnt across

by the carelessness of the operator in letting it drop upon

the yarn, when it would instantly go through, and some-

times falling upon the loose down beneath, set the con-

tents of the loom in flames. It ought to have been moved
about close under the warp, and it would have dried it

more quickly and have avoided this risk. After the drying

had been safely performed, the dressed length was again

brushed, in order to separate any threads adhering together,
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and a small quantity of melted tallow was brushed over

it. As this process recurred at frequent intervals, it will

be evident that further improvement was needed.

Such was the general process of warp dressing or

sizeing at the beginning of the present century. John
Duncan, who gives these particulars in his " Essays on

Weaving," published in 1808 in a collected form, sug-

gests that the process should be separated from that of

weaving entirely, and whole warps sized at once, in order

that the weaver might work continuously at his weaving.

These suggestions appear to have borne fruit at an early

or later time afterwards, for the hand-loom weaver began

to size his own warp all at once by a domestic process,

and in the mills containing power-looms dressing and

sizeing machines were introduced. The domestic process,

as carried on in the home of the hand-loom weaver, was,

briefly told, as follows : A wooden trough, about 4 feet

long, 14 inches wide at the top, 8 inches at the bottom,

and 8 inches deep, was constructed. A pair of small

rollers were inserted in each end of this trough, about

half way of the depth. The warp was passed between
these along the length of the trough through the next

pair, and out at the end, sometimes through a bell-

mouthed tube. As soon as the warp end had thus been

passed through, the trough was filled with boiling size of

the consistency of cream. Immediately the length in the

trough was saturated, the weaver and his assistants

would begin to draw the warp through, coiling it on a

sheet behind them. To preserve their arms and hands
from the scalding size, they put stockings on the former,

and held thick cloths in the latter. When the warp was
drawn through, it was extended upon the drying frame,

made of two standards, joined by cross-pieces and having
a number of horizontal pegs, extending from the front and
back. The warp having been passed from one standard
to another until it was all upon the frame, was thus

exposed in the garden, lane, or village street to dry.
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When the weather was unfavourable, it was dried indoors

before a good fire. This system lasted as long, or nearly

so, as the handicraft form of the industry. Towards the

close, however, " putters-out," as employers were termed,

began to relieve the weaver of this duty by sending the

warps to be sized before they gave them out.

Parallel with this development sizeing became a business

of itself, the sizers seeking their customers amongst the
'.' putters-out," and small mills which had not set up plant

of their own. The places where this business was con-

ducted became known as sizeing shops.

Though the power-loom had been made a capable

machine at the close of the last century, it could make
no headway owing to the necessity of dressing the warp
in the loom. Every loom required a weaver, and what

with tending his loom and dressing his warp, he could

make no more cloth—about 15 yards of, say, 60 picks per

inch per day—than the hand-weaver. The over-produc-

tion of yarn and serious depression in the spinning and

weaving trade in 1799, compelled attention to this subject,

and Mr. William Radcliffe, a manufacturer of Mellor,

Derbyshire, about a dozen miles from Manchester, after

struggling ineffectually to get an export duty placed upon
English yarns, saw the promise of a remedy in increasing

the efficiency of the loom. In his employ he had an in-

genious weaver with very strong inventive capabilities,

named Thomas Johnson. He called Johnson to his aid,

and expressed a wish that he should set to work and in-

vent some method of sizeing the entire warp before it was
put into the loom. He had not long to wait for his re-

ward. He succeeded in inventing the dressing machine,

and on February 28th, 1803, he took out a patent for it,

No. 2684. This was an invention which deservedly ranks

very high in the annals of the cotton trade. The first

part consisted of a beaming-frame, such as was described

in its most perfect form in the preceding chapter ; the

second was the dressing machine proper, and which in its
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principles and general outlines was the same as the more

perfect machine he patented on June 7th, 1804, No. 2771,

and which, with subsequent improvements, became the

well-known dressing machine that served the trade so

efficiently until superseded by the tape-sizeing and slashing-

sizeing machines. As the machine which made Cart-

wright's power-loom a commercial success it may be de-

scribed in detail, which is rendered easy by the fact that

an excellent illustration of it is given in White's " Trea-

tise on Weaving," published 1846, which we reproduce.

It should be premised that the handloom weaver's idea

of warp-dressing was a process that should lay down upon

the surface of the thread the ends of the filaments of the

cotton that the spinning process had failed to control, and

so prevent them gathering in the shed and forming runners

upon the yarn, and ultimately obstructing the weaving so

much as to prevent its being proceeded with. His idea,

therefore, was to encase the yarn in a coating of starchy

matter, which should fulfil the requirement mentioned.

The succeeding theory, and the one which is now in

vogue, is to saturate the yarn in such a manner that

every filament shall be bound to its fellows, so as to con-

stitute the whole a solid thread. The former served the

purpose of the time in which it was in vogue ; the latter

more perfectly meets the needs of the present day. The
essence of Johnson's invention was to perform this dressing

of the yarn, literally putting a coat upon it, by a machine
in the manner the hand-loom weaver had done it by hand

;

substituting, in fact, a mechanical for a manual process.

Johnson, in his first patent, endeavoured to do this by
the use of circular revolving brushes, but it was soon

found that the result was not nearly so good as that ob-

tained from the hand process. The circular brashes were
therefore abandoned, and a system of parallel brushing
invented by him, in which the brushes were traversed

in one direction in contact with the yarn, and withdrawn
from it when being carried back to the point from which
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a new stroke had to be made. This he accomplished by

means of a crank-motion now familiar in the mechanical

trades, and from which the machine ultimately got the

name of the crank dressing-machine.

The illustration, fig. 176, and its description, will make
Johnson's invention clear. It must first be observed that

the machine is practically a double one, each part working

to deliver its product to a common centre. The working

parts are attached to or carried upon the oblong frame A.

The oscillating brush-frame is marked a, sub-fig. 1, and

extends the length of the machine, its pivot being in the

centre. There are a pair of brushes at each end, b b, the

upper one arranged to brush the top surface of the warp,

and the lower to do the same for the under one. In their

traverse the brushes operate upon the yarn when moving
towards the ends of the frame. As the brushing was re-

quired to be in one direction, on their return to their first

position, they were raised or lowered out of contact by the

oscillatory movement of the frame in which they were

carried, this being produced by the eccentrics 7c, which
were set in opposition, so that whilst one elevated the end

of the brush-frame as high as it was capable of doing, the

opposite one permitted it to be correspondingly depressed.

As will be seen from the same fig. when the brush frame

end is elevated, the upper of its two brushes is carried out

of action, and is making its return traverse to its working
position. At the same time the lower brush is in action

brushing the underside of the warp c. The left of the

fig. shows the frame down and the upper brush at~ work,

being the reverse of that on the right. As will be observed,

the machine has a creel at each end, generally made to

contain six beams, only one of which, o, is shewn on ac-

count of space. The unsized yarn, c, was drawn from
these beams, and passing over a small carrier roller, was
conducted between the two rollers, g h. These are the

dressing-rollers. The lower one was half immersed in

the dressing composition or size, and in its revolutions
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carried enough of this to apply to the warp in its passage.

The upper roller, which was driven by friction from the

lower roller g, was a compression roller pressing the size

into the warp, and squeezing out the surplus. The fact

that the yarn was not immersed in the size at all is dis-

tinctive of the system of dressing as compared with the

more modern one of sizeing, and, as will have been
gathered already from previous explanations, proves its

inferiority, and demonstrates the certainty that it would
be superseded by the present system as soon as the merits

of the latter came to be understood. The warp on leaving

the dressing-rollers immediately came under the action of

the brushes, the operation of which has been sufficiently

explained, except that it remains to be mentioned that

they were traversed backward and forward by the band d,

to which they were attached, and which passed around
the pulleys e, the latter being suitably actuated for the re-

quirement. The yarn leaving the brushes passed beneath

the conductor rollers w
t
which are also measuring rollers

fitted with appropriate indicators giving the length.

Leaving the measuring roller, the yarn passed upwards
through the lease healds laid horizontally a little below

the beam. The beam was placed at this height in order

to get space in which to complete the drying of the yarn

before it passed upon it. This was effected by means of

two fans, one for each end, and steam-pipes.

As illustrated and described here the dressing machine

contains numerous improvements in details added by suc-

ceeding inventors. As Johnson left it, there was no

compression roller over the dressing roller, and the size was

very crudely and unequally applied, and the yarn adhered

very much together through unequal drying. Johnson

made it to pass through a reed which improved it, but

chafed it considerably, undoing the work of the brushes,

whilst it was liable to fill up with pasty size gathered

from the yarn in its passage. The difficulties were so

great and apparently so insurmountable, that Johnson
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advised his patron to abandon the attempt to make it a

full success. Other inventors assisted in the task of its

improvement, notably, Archibald Buchanan, of Catrine

Works, Scotland, who in order to keep the threads from

adhering, introduced a copper plate, perforated with holes,

for the reception and perfect isolation of each thread,

instead of the reed, which effected a great improvement.

With further improvements in details and skill on the

part of operatives, fairly good results were attained, and
the use of the dressing machine divided the work to be

done with the system of ball-warp sizeing that sprang out

of the domestic system of the hand-loom weaver. It will,

however, be obvious that though a very meritorious inven-

tion at the time of its birth, the dressing machine was
very defective for its purpose. As first invented, the

mass of warp threads was too dense for the brushes to

penetrate, and they did the work very imperfectly. To
remedy this it was divided into two portions, six beams
being put at each end of the new machine, and their

threads run together upon the loom beam, as shown in

our illustration. This necessitated the duplication of

every part of the machine making it, as we have termed
it, a double one. But even then its work was imperfect

and its production small, and totally inadequate to keep

pace with the growing requirements of the trade. No
wonder, therefore, that attempts soon began to be made
towards a further advance.

The next most important of these was the tape-sizeing

machine. This was a Blackburn invention, emanating from
Brookhouse Mills, which was patented in the names of

William Henry Hornby and William Kenworthy. The
first named was the proprietor and the second his manager,

and subsequently his partner. Undoubtedly the latter

was the principal inventor, both in this and subsequent

inventions in which their names were associated. This

machine marks the transition from the idea and principle

of dressing entertained by the hand-loom weaver and by
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Thomas Johnson, to the more perfect idea of " sizeing " or

starching by thorough saturation, which has ever since

governed the process. We believe Kenworthy was a

native of Denton, near Stockport, from which place he
migrated to Preston and thence to Blackburn. He would
thus probably have acquired some knowledge of the con-

dition of the art of sizing in the district where Johnson's

inventions were in use. Becoming associated with Messrs.

Hornby and Birley, of Brookhouse Mills, who were spin-

ners, manufacturers, and ball-warp sizers, he would find

full scope for his knowledge and inventive powers. These

were subsequently exercised to considerable purpose.

The first important invention with which Kenworthy's

name was associated was the tape-sizeing machine called

the tape machine, from the peculiar mode of distributing

or laying out of the warp threads, so as to get them
dressed or sized in parallel strips or bands, the equivalents

of the " beers" or " half-beers," which have been pre-

viously explained. This was accomplished by passing

them through a comb-bar in those quantities in which

state they somewhat resembled tapes of yarn. There

was no particular merit in this arrangement of the yarn,

but rather otherwise. It was, however, a distinct de-

parture from, and an improvement upon, passing the

entire of the warp in one strand through the size, as was

done in ball-warping sizeing. It facilitated saturation of

the threads much more perfectly than the dressing machine.

The three accompanying illustrations over the general fig.

No. 177 and under the sub-figs. 1, 2, 3, 4, 5, 6, fully ex-

plain this important invention. Sub-fig. 1 is a plan, 2 a

side view, and 3 a longitudinal section ; 4, 5, 6 shew de-

tails. Unquestionably the inventor was indebted for some

suggestions to both Johnson's dressing machine and the

ball-warp sizeing plant as it then existed, as several points

from both are incorporated therein.

The machine, it will be seen, consists of the oblong

frame a, which as usual forms the support for the work-
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ing parts. The beams, a, contain the yarn to be sized,

and are placed in the creel of the machine. From them

the yarn is led to the sizeing troughs, of which there are

two arranged one behind the other and marked—first

passing through a ravel or comb b, in fig. 3, and shown
detached in fig. 4 ; figs. 5 and 6 show two other forms of

the same thing. Next going over a small carrier roller,

the yarn descends into the sizeing trough or box carried

down by the rollers e g, e' g\ the direction of its move-

ment being shown by the arrows. The rollers, g g', press

out the superfluous size from the yarn as it leaves them.

The drying is effected by the two tin cylinders, which are

steam heated. In order to get a longer stretch and more

time in which to dry the yarn, it is conducted, as it leaves

the size, first to the more distant cylinder, returning over

it, and then passing around the nearest, which it leaves to

be conducted over the carrier-rollers, m, n, o, to the yarn

beam P in the front.

The tension upon the yarn is regulated by the pressure

between the two receiving and delivering rollers, e g, e
f

g\

in the sizeing-box, through their connexion with the lever

11. The racks 14, carrying the pivots of the upper

rollers, can be adjusted from the winch-handle through

the small pinions, 13. The weighted lever, 2, is for re-

gulating the pressure upon the delivery-rollers.

Perhaps the most novel feature in the machine was its

sizeing the yarn in bands or tapes like " beers " and "half-

beers," and passing it upon the beam in this manner like

the old ball-warp was passed upon the weaver's beam
from the beaming machine. This was mistakenly thought

to be its most important merit, and therefore it was termed

the tape-sizeingmachine from it. Its greatest merit, how-
ever, really was in its being a sizeing machine, and immers-
ing the yarn completely in the size. It was erroneously

thought that the formation of the yarn into these bands or

tapes strengthened the threads by causing them to adhere

slightly together during their passage over the space
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between the warp-carrier beam in the loom and the

healds, their next resting place. This, however, was not

so, as when the threads arrived at the lease rods and were

separated, and shedding commenced, the strain npon them

was at its maximum, and the weakest places were then

found out and broken as each individual thread was
separately tested.

The comb or ravel b, previously pointed out as effect-

ing this division into tapes, was caused to vibrate or oscil-

late freely as the warp passed over it. The roller, o, was
the measuring roller, its axle being furnished with a worm,

which through the bevels, 5, 6, drove the shaft, 7, which

again carried the worm, 8, this being the marker which

touched the yarn with colour to indicate the piece lengths.

The shaft r was the main shaft, which was furnished with

the usual fast and loose pulleys, s being the starting

handle.

One of the most excellent features of this machine, and
which, with perhaps the exception of a short interval, has

been retained ever since, was its possession of a variable

driving arrangement, consisting of two cone-drums to re-

gulate the winding action of the receiving beam, accord-

ing to its varying diameter. The action of these we need

not stop to explain, as to-day they are sufficiently well

known. The shaft, v, carrying the driven cone, was fur-

nished with a pinion, w, which drove a train of three spur-

wheels, a?, y, z, by which rotary motion was imparted to

the beam. As the warp, now properly sized and dried,

approached the beam from the roller, m, it passed through
the ravel, n, which was generally used as a condenser to

bring its breadth within the width between the flanges of

the beam, c. For a while at first the arbor of the beam
was sometimes made hollow, the hole being square, in

order that if required it could be slipped off like a bobbin
from a spindle. This was done in order to facilitate the

placing of two beams together on a common arbor in one
loom when it was desired to make a wide cloth. They

z
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were thus joined without any trouble, and in working
were paced together.

In the plain cloth trade, that is, in all sections in which
plain warps of the natural colour are used, the machine
just described lias been the basis of all subsequent im-
provements. No attempt having the shadow of a chance

of success has been made to supersede it. All efforts that

have proved of commercial value have been to improve it

by simplifying or perfecting its details. The first impor-

tant advance made upon it was that of the late James
Bullough, founder of the great machine making firm of

Howard and Bullough, Accrington. Mr. Bullough was
for a considerable number of years an overlooker in the

establishment of Messrs. Hornby and Kenworthy, Brook-
house Mills, Blackburn. Mr. Kenworthy was the managing
partner in that establishment, and in his early experiments,

it is stated, availed himself to a considerable extent of the

inventive skill of Bullough, whom he called in to assist

him. Mr. Kenworthy also encouraged him to work out

the details of his own inventions, for some of which he

became celebrated, and from them derived the means that

ultimately formed the foundation of the Accrington

machine making establishment already mentioned.

The decades of the present century from 1830 to 1880,

during which the transformation of the cotton trade from

a manual to a mechanical industry was taking place,

offered promises of great rewards to successful inventors,

and the greatest in the first thirty years, when there was

most to be accomplished. Hence in every centre of the

industry large numbers sprang up, though most of them
were failures. But the records of their efforts are pre-

served in the Patent Office, and there the inquiring student

will find the wrecks of thousands of mechanical absurdities.

Judging from the traditions that have survived, if any

reliance may be placed upon them, which should not be

much, there was a great deal of unscrupulous cribbing of

ideas from one another, then quick races to the Patent
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Office in order to be first. Thus it often happens that the

inquirer into the development of the mechanical side of

industry is baffled in his desires to allocate the credit for

an invention to the right person.

James Bullough was one amongst a group of these men,

and in the improvement of the sizeing-machine to which we
are referring, he had as joint patentees with him two men
named John Walmsley and David Whittaker. Justice de-

mands that the names of these men should be mentioned.

Bullough, however, having already achieved a reputation

as an inventor, his name naturally enough became the

predominant one in association with the invention of the

Slashing, or Slasher Sizeing Machine, as the improved form

came to be called. The patent for this was numbered 2,293,

and was granted, October 7th, 1853. The improvement

effected was practically a very simple one, but it had

important effects in greatly increasing the production of

the machine. In Kenworthy's machine, as we have just

seen, the yarn was conveyed from the large yarn beams
through a reed, healds, and ravel, which were only intro-

duced to comply with the supposed requirements of the

sizeing process, as shown in the dressing machine. Bullough

discarded these, sending the yarn forward and down into

the sizeing trough in a perfectly even sheet as it came from

the beams. This greatly accelerated the work of " setting

in," avoiding the loss of time common to the older

machine. In order to preserve the lease it was necessary,

in commencing the sizeing of a new set of beams, that the

yarn of each beam should be twisted , to the ends of the

finished one, precisely as a new warp is now twisted to a

set of healds. This could only be done in the machine.

The loss of time will be obvious. The same patent in-

cludes improvements in the warping mill in which it was
endeavoured to take the lease at that stage, and also mark
the cut lengths. These, however, were soon after aban-

doned, and a method adopted of getting a bastard lease

by striking a comb into the sheet of the extended warp.
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This was sufficiently good for the purpose, satisfying all

requirements of the case.

Since Bullough's invention this type of sizeing machine
has not been attempted to be superseded with any prospect

of success for cotton work ; it has, however, been consider-

ably improved in details by various succeeding inventors.

A bare enumeration of a few of these must suffice.

In September, 1854, three joint inventors named
Atherton, Kinlock, and Swainson, we believe of Preston,

relieved the great strain upon the yarn by inventing a

method of positively driving the steam cylinders and the

squeezing rollers instead of by the drag of the yarn. They
also applied the frictionai arrangement of the old dressing

frame for winding the yarn upon the loom-beam. These
formed very considerable improvements as the elasticity

of the yarn was thus preserved until it reached the loom,

where it was needed in the action of shedding.

Within a week or two of the above patent being granted

another was taken out by William Garnett, presumably of

Low Moor, near Clitheroe, for the improved way of taking

the lease by "striking " a half reed or comb into the warp,

as previously mentioned.

Atherton and Kinlock, early in November, carried their

previous improvements a little further. In the new
arrangements the squeezing rollers, rotatory brushes, and

the traction rollers in front of the cylinders, were actuated

by gearing, " so as to take off all strain from the yarn."

Several other details were also improved.

Nothing further occurred that can be called noteworthy

in connection with this subject until April, 1856, when
John Leigh of Manchester patented what became known
as " Silica-size." This was one of the most daring

inventions ever attempted in connection with this sub-

ject, and as the experiment, so far as weaving with

it, came under the writer's personal notice nearly through-

out its course, a few words may be devoted to the subject.

The invention consisted in the substitution of silicate of
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soda, or silicate of potash, for the sizeing compounds then

in use. These were to be used either alone or in combi-

nation with sulphate of barytes and the various starches.

They were mostly tried alone. Almost two years were

spent in experimentation. In 1858 room and power was

hired in Jubilee Mill, Blackburn, and an effort was made
to place the invention upon the market. Fifty looms were

bought, and placed in the charge of Mr. Edward Whittlo,

the first secretary of the Blackburn Power-loom Weavers'

Association, who had just vacated that post. Great

difficulty was encountered with the new size, as the yarn

after it had gone through the size was found to have a

most destructive effect upon the drying cylinders, which
being composed of tinned plates had the tin stripped from

them in a very short time and were rendered useless. It

was attempted to overcome this by the substitution of one

or more steam chests for the drying cylinders of the

sizeing machine, so that the yarn might not come in contact

with metallic surfaces. This was patented by Thomas
Leigh, the brother of John. But the difficulties were not

overcome. The yarn was got through the sizeing process,

and passed to the loom. Here it cut down the healds to

such an extent that they were worn out before a piece of

an 8J lb. Indian shirting, or what should have been such,

was woven. This, of course, was inadmissible. The
cloth when woven weighed pounds beyond the proper

weight, and felt cold and greasy to the touch. The
struggle was continued for some months, when the in-

ventors finally failed with very heavy liabilities which
had accrued during the conduct of the experiment. The
highest hopes were entertained of its effecting a perfect

revolution in the trade, but all were dashed together.

The looms fell into Whittlo's possession, and he struggled

on some time as a manufacturer in a small way.
The Slasher sizeing machine was subsequently improved

in numerous further details by succeeding inventors, the

chief efforts being directed to securing a uniformly even
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delivery of yarn from the back beams in both length and
tension, and to relieve it from all strain or stretching in

its passage ; to prevent the baking of patches of size upon
ib when the machine was stopped, and to perfectly dry it

before it reached the loom beam ; to mark the piece-

lengths accurately, and to press the beams in order to

make them hold more length and to preserve their

cylindrical form. The latest piece-marker and a presser

will be described further on.

The addition of the improvements just indicated have

brought the sizeing machine up to its present degree of

excellence, and as now made it is illustrated in fig. 178.

A brief description, after the preceding sketch of its de-

velopment, will suffice for all purposes, as the function of

each part named will be readily understood. The portion

of the frame on the left of the figure is termed the creel,

and carries the series of large warping machine beams,

called " back beams " from the fact that they are placed

at the back of the sizeing machine as here shown. These

creels are usually made to hold six or eight of these

beams, generally in two tiers, whilst any less number can

be worked. By the addition of a portable stand at the

extreme end another be^rn or two could be added if

needed, which will, however, hardly ever be required.

The beams are generally placed in the creel to unwind

in opposite directions, the yarn of the first to come off at

the top and passing down under the second, which is in

the lower tier ; the yarn from both then comes upward
and passes over the top of the third, and taking the con-

tribution from this beam, it passes down under the fourth,

bringing the yarn of that beam also with it. This goes

on to the last beam of the set. The arrangement described

secures a uniform delivery of yarn from each beam, which

is an important matter in the subsequent process of

weaving, where the tension of every thread in the warp

as it comes off the beam must be as nearly as possible

uniform if good work has to be made. The yarn from
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each beam having been gathered together in this manner,

it passes over two small tin carrier rollers in an even

sheet, and descends into the size trough, b.

This trough is divided lengthwise into two unequal

portions, the smallest being nearest the steam cylinders.

The partition does not go to the bottom, as a space is

left for the passage of "the contents of the smaller one

into the larger. The smaller one is a sort of reservoir

for the larger one, and it receives the size direct from the

beck in which it has been prepared. The object of this

indirect feeding of the size to the trough in which it is

applied to the warp is to prevent the raw size coming
into contact with the yarn before it is properly boiled.

The first stage of boiling is therefore commenced in the

small trough, and as it is drawn from this into the large

one at the bottom, the boiling is completed before it rises

into contact with the yarn passing around the immersion

roller. We have before observed that this boiling bursts

the granules of the starchy matters in the size, reducing

them to a much liner condition than before, and therefore

making the composition all the more fit for application to

the yarn. The admission of the size to the small section

of the trough is automatically regulated by a ball tap, and

so requires no attention, after being adjusted, to keep up
the proper supply or to prevent over-filling.

Along the length of the bottom of the larger section of

the trough is fixed a steam pipe, sometimes in a single

length and sometimes made double by being forked. This

is perforated with a large number of small holes, and is

suitably connected with a larger pipe from the boiler.

When the tap is opened and the steam admitted it forces

its way into the size-box, and soon causes its contents to

boil freely, by which the size is brought to its finest

condition.

This section of the size-box contains a series of rollers.

Enumerating them from the position nearest the creel

they are as follows : 1st, the immersion roller ; 2nd, the
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first pair, called the sizeing rollers ; and 3rd, the second or

pressure rollers. The immersion roller is composed of

copper, and is about five in. diameter. Its function, as its

name implies, is to carry the yarn down into the size.

By means of a rack and pinion it can be adjusted at any

depth in the trough that the work in process may require.

This differs according to the counts of yarn and the

number of ends contained in the warp. Coarse counts or

a large number of ends in the warp require deeper and

consequently longer immersion to obtain thorough satura-

tion than fine counts and few ends.

The sizeing rollers come next. The bottom one is like

the last-named, composed of copper. The top one is of

iron, and is covered with two or three layers of flannel,

and these with a layer or two of calico. This clothing is

to form a cushion into which the yarn can imbed itself in

its passage between them. These rollers are correctly

termed the sizeing rollers, as their function is to press the

size, which to some extent is lying upon the surface of the

yarn, into its core. The yarn imbedding itself into the

clothing of the top roller receives a gentle pressure upon
every side, which forces the size into it, and thus fills

the interstices between its filaments and perfects its

saturation.

The pressure or finishing rollers are the next pair, and
are constructed in like manner, and again the bottom one is

of copper and the top one of iron, the latter being clothed,

but not usually so thickly as the preceding one. The
function of this pair is to press out of the yarn all the

superfluous size it may have absorbed or be carrying on
its surface. The weight of the top roller is varied some-
times by the quality of the work it has to perform. If it

is required to press out of the yarn a large percentage of

the size absorbed, ib may be temporarily weighted for the

occasion. When light, it will press out a less quantity

of size and the warp will be the heavier.

The immersion roller and the two bottom rollers of the
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pairs are made of copper in order to resist in a better

manner the action of the acids generated bj the fermenta-

tion of the size and which are always present in it. For-
merly the first bottom roller was made of wood, becanse it

was found that when of copper it absorbed so much heat

from the boiling size that if the machine was compelled to

stop for a short time, the size was baked upon the warp,

which was thus seriously damaged at that spot. The
wood roller never absorbed heat to this extent, but it had
other defects, as it soon displayed signs of wear and was
difficult to keep in good condition. As the defect of size-

baking generally occurred in the stoppage during the

doffing of a filled loom beam, to overcome it an ingenious

device was invented by which the attendant was enabled

to run the machine very slowly while doffing instead of

making a perfect stop. This did not allow the yarn

to remain upon the hot roller long enough to bake, and
thus the difficulty was obviated, and the copper roller was
reintroduced and is now found in all good machines.

It is important that all these rollers should be kept in

good condition, as upon their proper clothing, cleanliness,

even surfaces, and easy working, depends in a great degree

the perfection or otherwise of the work going through the

machine. The two top rollers are surface driven, the

bottom ones being positively driven from the side shaft.

The yarn passes from the beams over two tin carrier

rollers, and descends to a more or less depth in the boiling

size under the immersion roller and up therefrom to and

between the sizeing rollers, the superfluous size being

pressed out and flowing back into the trough. Having
passed these, it proceeds to and between the next pair,

where any superfluous size that may remain is squeezed

out, and the sizeing process is then completed.

The wet yarn now passes directly upon the large

cylinder, d, which is heated by steam and is generally

worked at a pressure of from 5 to 15 lb. per square inch

according to the counts of the yarn and the number of ends
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in the warp. This cylinder slowly revolves, the yarn passes

over its top, around its front and under its bottom, thus al-

most encircling it, whence rising it is delivered to the small

cylinder, E, around which it passes in like manner. The

latter cylinder is steam-heated like the first. The sheet of

yarn in its passage around the large cylinder has one side

only in contact with its heated surface, which of course

results in one side being more perfectly dried than the

other. The second cylinder is therefore introduced to per-

fect the work, which is accomplished by delivering the

damp side of the sheet of yarn directly upon it. This

cylinder is of smaller dimensions because it has only about

one third or one quarter of the work to perform that falls

to the share of the large cylinder. The yarn on leaving

the small cylinder travels a little above the floor to a small

carrier roller on the same level, near the front of the large

cylinder, thence ascending to and over the tin carrier

roller, f. The second stage of the passage of the machine,

the drying of the warp, has now been completed.

As might naturally be expected, the yarn having passed

through the size and the drying process in a sheet, the

threads are found adhering together. It would not do for

the warp to go to the loom in this condition, therefore they

must be separated. This is effected by the series of iron

rods, G. In commencing a set of beams the sizer inserts a

cord between the threads of each beam so as to separate the

yarn of every beam from that of the other. These cords

passing through the machine, come up over the carrier

roller, f, and by their means the rods, G, are easily inserted

in their proper place. The threads must now separate or

break ; they do not often do the latter as the adhesion is

not strong enough. In order to cool the warp and perfect

the drying, a fan, which is rapidly driven, is introduced

beneath the warp at this point. The yarn now passes for-

ward towards the loom beam, but before it arrives thereto

it is measured by a roller—around which it passes and is

marked at certain distances in one, two, three, or four
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lengths to a piece, which indicate to the weaver the places

at which to insert "headings," "middlings," or as in

dhooties, cross borders, or other decorative additions as

may be required. The lengths are determined by the
number of revolutions of the measuring roller, which is

14-4 in. diameter. There are a number of adjuncts con-
sisting of improvements in details beyond what have been
remarked upon in this brief sketch of the sizeing machine as

it is to-day. They, however, will be more properly noticed in

describing the practical working of the machine hereafter.

Fig. 179.—Hand-Power Hank-Sizeing Machine ; Front and
End View.

The next and last system calling for notice is that of

hank-sizeing. This is generally adopted where warps are

composed of yarns of different colours. In these cases

the yarns are first dyed in the hanks, and afterwards sized

in the same state. Hence there are hank-sizeing machines

for working by hand or power, according to requirement.

In principle there is little or no difference between them
;

it is mostly in magnitude and capacity of production.

The hand-power hank-sizeing machine is illustrated in

fig. 179, a front and end view being shown. This
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machine is used for very small quantities and for samples.

The box suspended in the middle of the frame is the size

trough, and in this the hanks are placed until saturated.

When this has been properly effected, they are taken out

and each hank placed upon the two hooks shown, twisted,

and the superfluous size wrung out of them. The number
of turns to which the hank is subjected determines the

amount of size to be left in. More turns compress out

more size, fewer turns less. The hank is then removed,

and the process continued.

In the larger power machine shown in outline in fig.

Fig. 180.—Steam-Power Hank-Sizeing Machine.

180, substantially the same process is gone through on a

greater scale. As will be seen, the hanks revolve in the

size. The machine is furnished with an automatic wringing

and reversing motion, which can be regulated according to

requirement. It is constructed with either one or two

pairs of hooks. With one pair it gives a production of

about 25 lb. to 30 lb. per hour ; with two about double

that.

Fig. 181 illustrates another type of machine, but which

embodies the same principles, though the arrangement is

somewhat different. In this case there are six pairs of

hooks placed on circular revolving discs. It requires a
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man and a boy to attend to it. The boy immerses the

hanks at the end of the machine, and they are carried

forward upon small poles placed on a pair of endless

chains. The man places the hanks upon the pairs of

hooks in succession. In the course of one revolution of

the discs, these are wrung and unwrung automatically

;

then the hanks are taken off and the machine charged

Fig. 181. -Improved Disc Hank-Sizeing and Wringing
Machine.

again. This type of machine gets through a great deal

of work, the production per day of ten hours being from

1,200 to 1,500 lb. It is largely used in the Lancashire

districts weaving coloured goods.

The size used in these machines, and for coloured yarns

generally, differs from that used for grey goods, as it is

essential that the colours of dyed yarns shall not be

injured by any chemical constituent of the size, or dulled

by its opacity. Directions are given subsequently.
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When the hanks have been wrung out of the size they

are placed upon horizontal poles to dry, or where the yarn

drying machine described in the last chapter is in use,

they are passed thereto and dried upon it. Running at

about 100 to 120 revolutions per minute, and with the

room in which it is placed heated to a temperature of

about 100° F., the production of dried yarn, 20s to 86s,

from the machine will be 400 to 450 lb. per day of ten

hours.

After drying the hanks are taken and brushed either

by hand or by the machine already described (fig. 174)
in the previous chapter. The production of brushed yarn

from this machine, with a lad attending it, will be about

1,000 lb. per day often hours.

The various systems of sizeing and their development

have now been passed under review, and the student will,

we trust, have been able to gather therefrom the reasons

which called them into existence, their functions, and

their respective merits, and the requirements which have

led to their maintenance or induced their supercession.

In one form or another, however, they nearly all survive

to a limited extent as specialties, and at these a glance

may for a moment be cast.

The old system of ball warp sizeing is now very little

used in the plain or grey cloth trade. It maintains its

ground, however, in the manufacture of coloured goods

where the whole warps are dyed in one colour, and in the

manufacture of cords, moles, and other kinds of heavy
fustians. In the districts where these are produced, it is

still conducted as a separate business on account of the

bulk and costliness of the plant, and the requirement for

its economical working.

As just indicated, the old system of dressing is still in

use for the fabrics stated, but this is only to a very
limited extent.

The Slasher system of sizeing is in use for all the lighter

classes of self-coloured fabrics, usually termed grey goods,
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with the few exceptions previously named where dressing

is retained.

Hank-sizeing prevails in the coloured goods trade in

nearly all cases where coloured yarns are mixed.

This brings to a close our exposition of the invention,

progressive development, and functions of the chief

mechanical appliances used in the series of processes com-
pendiously, but erroneously grouped under the name of

"cotton manufacturing," terms which properly include the

spinning division as well. The trade in its entirety should

be called " the cotton manufacture," and its two principal

divisions "cotton spinning" and "cotton weaving ;" these,

of course, having their subdivisions. The persons follow-

ing the first pursuit as employers should be called " cotton

spinners;" those in the second "cotton weavers," not

manufacturers. The operatives engaged in them should

be respectively " operative spinners " and " operative

weavers," and those of the subdivisions should bear the

names of the sections in which they are engaged.

The reader who has followed our exposition up to this

point will have few difficulties in the practical part that

follows, as he will at once comprehend the reason why
and the purpose of everything that is done, and will be

ready at once to pronounce whether it is in accord with,

or contradiction of, the basic principles of the particular

process in which it appears.

spelt the word " sizeing" with the vowel e in the middle, which is

not the common method to-day. It is, however, we believe, strictly

correct and according to the best analogies of the language.
During the last century and the early part of this, the word
" sizing " meant to assort yarns from hand spinners into sizes so

as to get some approach to uniformity. This ceased with the
improvement of spinning machinery.
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CHAPTER XI.

The Consteuction and Equipment of a Weaving Estab-

lishment.

Cotton "manufacturing," its trade and technical signification.

—

Proportionate capital employed to wages paid.—Selection of locality

and site of premises.—Causes of concentration in towns.—Essen-
tials of success.—Requisite conditions and circumstances.—Ahumid
location hest.—Traffic and industrial conveniences.—Materials of

construction for buildings.—The weaving process should be upon
ground floor.—Arrangement of light.—Plan of weaving establish-

ment, illustrated.— Location of the machinery.— Pope-driving
versus wheel-gearing.—Supplementary engine.—Steam generating
arrangements.—The Lancashire boiler with Galloway tubes, illus-

trated.—Increased economy desirable.—Tentative improvements,
illustrated.—Mechanical stokers.—Mechanical stoker feeder, illus-

trated.—Economizer, illustrated.—Improved boiler valves, illus-

trated.—The steam engine, illustrated.—Gearing, shafting, and
pulleys, illustrated.—Swivelling bearings, illustrated.-—-Toothed
gearing, belts, and ropes.—The introduction of rope -driving into

Lancashire.—Best material for driving ropes.—The strain and
flexure of driving ropes.—The Lambeth rope, illustrated.—Its

peculiarity of construction, tensile strength, flexibility, and in-

elasticity.

COTTON " manufacturing," in its trade and technical

signification, is the second great division of the cotton

trade, as "spinning "is the first. It commences to handle

the material at the point left off in the latter. Eor various

economical reasons, as partly explained in the preceding-

chapters, it is to a large extent conducted as a separate

business from spinning. This, however, can only be done
with advantage where the two branches are highly deve-

loped, and closely concentrated side by side, as in the

English manufacturing districts. But the modern spin-

ning mill is not so dependent upon the proximity of the

weaving mill as the latter is upon the spinning mill,

A A
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because a spinning establishment may be usefully and
profitably employed in the production of yarns for the

export trade, which as a rale are destined for consumption
in countries where the primitive industry of hand-loom
weaving still maintains a lingering existence. Thus it is

that in foreign countries, such as those of the continent,

Canada, the United States, and the various States of South
America, the two divisions of the trade are more often

found conjoined than apart. In Bombay this remark
partially holds good, though there, notwithstanding the

spinning industry was founded to supply the hand weavers

of the country, the tendency to separate has not only

become manifest in the cases where the two were asso-

ciated, but has made some progress. Should the cotton

trade in the future in any of the other countries just

named attain large dimensions, and become concentrated,

there can be no reasonable doubt but that the same causes

will operate there as here, and produce the same results

—

its separation into two divisions. In this treatise the

subject is considered from the point of manufacturing

having a separate and partly independent existence.

In proportion to the amount of capital invested a weav-

ing establishment employs a far larger number of work-

people, and pays a proportionately larger sum in wages
than one engaged in spinning. This renders skill and tact

in dealing with workpeople of much more importance than

in the first division, as there is a correspondingly greater

liability of misunderstandings and ruinous disputes arising,

which should, if possible, without the sacrifice of vital

interests, be avoided.

The selection of a locality and site demand the greatest

care. Free and unobstructed access to a good supply of

the best class of operatives is one of the primary elements

of success, as without it the production from the plant

will be less than it ought to be, and consequently will

be burdened with a heavier proportion of the fixed expenses

of the establishment than will be that which comes from



CONSTRUCTION OF A WEAVING ESTABLISHMENT. 355

competing mills obtaining a higher average production.

In the second place, the quality of the production will be

inferior, and will therefore sell for less money ; this will

lay the foundation of an inferior trading reputation which

it will be difficult at any time, and under any circumstances,

afterwards to shake off. A good trade name should in

all cases be sought, as it is always a source of profit ; in

good times yielding its owner better prices for his wares,

and in slack times obtaining for him a preference of such

orders as may be in the market.

Once npon a time in the history of the trade mills for

both spinning and weaving were planted in isolated villages

at considerable distances from the larger centres of popu-

lation, and to and from which supplies of materials and
productions had to be carted at considerable expense.

Compensation was obtained for this in the low rate of

ground rents and wages ; especially, and principally, the

latter. At that time employers paid any price for labour

which seemed to please them in the then circumstances of

the trade. But since 1850 there has been a steady increase

in the demand for labour, and a rapid development in its

organization which quite precludes the possibility of the

existence of such irregularities to-day as were then com-
mon. The Blackburn Standard List of Wages, for the

manufacturing division of the trade, first established in

1853, has, with modifications, been extended to almost every

one of the manufacturing districts, and recently by agree-

ment between the employers and employees' representa-

tives has been modified and adopted as a uniform list appli-

cable throughout the largest portion of the trade. Thus
deprived of the power of obtaining compensation for ad-

mitted disadvantages from a lower wages rate, few country

mills have been able to maintain their ground against the

competition of those in the towns, and only under very

exceptional circumstances could any be successfully estab-

lished and carried on to-day. Such locations should

therefore be avoided, unless on the most careful and risdd
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investigation they can be shown to offer permanent com-
pensatory advantages. This result is a national disadvan-

tage, as it strongly tends to congest the population in large

towns.

The remarks made in the writer's previous work on
" Cotton Spinning," in Chapter III., on the essentials of

success may be transferred to this place with only a few
verbal alterations, being quite as applicable to manufac-

turing as to spinning. It is there said :
" Competition in

the cotton trade is now so severe, both at home and abroad,

that anyone newly adventuring therein cannot afford to

neglect the slightest matter that may be conducive to suc-

cess. If possible, the beginner should start with a suffi-

ciency of capital to provide a perfectly new establishment,

well found in every respect, and have a balance left large

enough to conduct its commercial operations with advan-

tage. Without a level beginning the chances of success

are proportionately diminished. The locality must be well

chosen, the site of the mill carefully selected, the mill well

constructed, the machinery must be of the best for its par-

ticular purpose, the management must be skilful, econo-

mical, and thoroughly honest. The manager must be per-

fectly versed in the practical details of his business, and

able to manage men as well as machines. The commer-
cial division of the business must be conducted with skill,

prudence, foresight, and a fair share of enterprise. Old
methods of procedure must not be retained from an excess

of conservative sentiment when it is obvious that they

have been superseded by improvements ; and machinery

must not be retained in work, though intrinsically in good
condition, when the progress of mechanical invention has

virtually rendered it obsolete. Any person not willing to

recognize and act upon these truisms had better not invest

his means in cotton manufacturing. Technical, scientific,

and commercial knowledge, combined with steady industry

and prudent enterprise are required to ensure success."

Head " weaving establishment " for " mill " in this quota-
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tion, and ifc will be perfectly appropriate. Since the above

words were first written, now nine or ten years ago, nothing

has happened in the condition of either the spinning or

weaving branches of the trade to lessen their applica-

bility, or weaken their importance ; on the contrary, every-

thing that has occurred, and the prospective course of

events in connection with the trade intensify and increase

their force both to the present and probable future of both

branches of the trade.

The foregoing reflections dictate that the weaving estab-

lishment under consideration should be located within the

area wherein the class of goods to which it has to be de-

voted are usually manufactured ; that it should not be

isolated in a country village, unless under the exceptional

conditions just described; and that it should be within

an area where it will not be subject to extra charges

for carriage of supplies inward or of production out-

ward. Anything in this shape above that paid by com-
petitors would be a tax upon the profits to which they

should not be subjected. Other matters should also

weigh in the selection of a site : it should afford facile and

quick access to the market, in order that the persons

charged with the duty of buying and selling may always

be able to get there in the most prompt manner, and with

the least loss of time to take advantage of momentary
phases of strength or weakness that may pass over it ; the

former offering advantages in selling, and the latter in

buying, which cannot properly be neglected. And care

should be taken that there is also easy access to post-offices,

telegraphs and telephones, as on many occasions such

facilities induce the conclusion of business that in other

circumstances might go elsewhere.

In regard to the selection of a site, it may be as well

to make another quotation from " Cotton Spinning," the

subject of the present remarks being the same with only

a slight variation. " Having decided upon the locality

the next matter is to select a suitable site, and in this
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practical considerations slionld mainly govern the deci-

sion. Cotton has a considerable affinity for inoisturer

and when provided with its natural requirements in

this respect its fibres are more flexible, and yield more
readily, without breakage, to the treatment of the pro-

cesses through which they have to pass in manufacture.

This is true in spinning, but is more forcibly so in weav-
ing, because when in the loom it has had added to it the

various ingredients used in the sizeing process. The ten-

dency of starch, kaolin, and various chemical salts with

which the yarns are too often overloaded, is to build

up a rigid wall of these materials around them, and so

greatly reduce their flexibility. Though this is the result

it is not that which is sought. Therefore it is endeavoured

to be obviated by various well-known means. But sizeing

under any circumstances in manufacturing is a necessity

which is as old as the art itself, being required to protect

the tender material from the severe friction to which it is

subjected by the action of the reed ; but the stiffness thus

induced must be moderated as much as possible. The
native Hindoo weaver carries his loom into the open air

under the shade of a tree, and digs a trench over which he

extends his rice-sized warp, the natural drainage into the

trench, and the evaporation from which improves the

weaving of the warp. The old English hand-loom weaver

in the cotton trade, in order to get the advantage of a bare,

earth floor, preferred to place his loom on a ground floor

or in a cellar to an upper room, and often dug a hole be-

neath his treddles, into which he poured water. The
evaporation from this kept his warp in the best condition

for weaving. In this procedure he unconsciously imitated

his Eastern competitor with his trench in the earth. The

same necessity is incumbent upon his successor the modern

cotton manufacturer who desires to get the best results.

If wise he will, in this country, plant his shed in a valley

protected from dry winds, and open to moist ones ; that

is, to be more explicit, and having particular application
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to the English manufacturing districts, it should be shel-

tered on the east and north, and open to the west and south.

The subsoil should be a stiff impervious clay, affording a

solid foundation for structure, and in the vicinity retaining

the rainfall as it were in a subterranean reservoir, evaporation

from which, in the dryest seasons, will moisten and soften

the atmosphere around. Should it be necessary to store a

water supply, the lodge to contain it should always be

placed on the side from which the dry winds blow, mostly

the east. This will help to temper the dry atmosphere to

the advantage of the work in process. An abundant and
never- failing supply of water is an essential requisite, and

if this is not present in a stream, river, or canal, provisiou

will have to be made for storing the necessary quantity

in a reservoir ; and if the supply from the latter is used

for condensing purposes, arrangements will have to be

made to keep its temperature low enough for such a

purpose.
" Good roads giving easy access for cartage purposes, and

to and from the residences of the operatives are impor-

tant. The site should be within such a distance of the

homes of the latter as will permit all employed to go to

meals and return within the time legally provided for that

purpose. Of course, there will always be some exceptions

in which operatives will come from too great a distance to

permit of this. Provision has then to be made for allow-

ing food to be taken upon some part of the premises not

amenable to the visits of the factory inspector, or where
the law would be liable to be violated, entailing respon-

sibility upon the owner. This state of matters always
causes some extra supervision, and consequently entails

cost and risk. A short walk in the open air, such as is

had by going home to food is always invigorating and pro-

motive of health amongst the operatives, and ought in all

cases, where practicable, to be encouraged. It refreshes

them and breaks the monotony of their labour, to which
they afterwards return with renewed strength." These
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remarks are transferred from " Cotton Spinning," being

equally pertinent here.

As in the spinning mill the fittest material for the edifice

will be decided by the circumstances of the locality. If

stone lies in close proximity, and can be easily quarried,

it constitutes an excellent, durable, and cheap material.

When this is not the case, and the site selected contains

clay from which bricks can be made, these will generally

be found the most economical and suitable material. Should
it be necessary to provide a reservoir for water, any clay

excavated for this purpose, and also that from the founda-

tion trenches, will be available for this use.

The section or special branch of the business of manu-
facturing to be followed is usually decided upon in

advance of the erection and furnishing of the buildings,

this being necessary to permit of the purchase of the most
suitable plant for the purpose, and its construction by the

machinist, that it may be ready for delivery when the

establishment is ready to receive it.

In cotton manufacturing, experience has long ago demon-
strated that the weaving process at least should always be

conducted upon the ground floor, and never in rooms, how-
ever apparently firmly built. The vibration in the latter

is always injurious, and in some cases is so to such an

extent that to neutralize its effects would require the pur-

chase of yarns a farthing per pound better in quality to

produce cloth equal in quantity and quality to that which
could be obtained from the use of materials a farthing per

pound less on a ground floor. In the weaving process the

warp yarns are subjected to considerable strain and friction,

which is a severe test of their strength and quality. The
vibration of the floor upon which the looms are placed

when in rooms above the ground greatly increases the

unavoidable strain of the shedding of the warp, and causes

numerous breakages that impede and diminish production,

and deteriorate the quality of the work. In these times

of severe competition and low profits, under ordinary
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'Circumstances no such disadvantage as manufacturing in

rooms could safely be faced with any rational expectation

of avoiding failure and bankruptcy.

Having been guided in the selection of a site by the

considerations thus set forth, the plan of the building

should provide that the bays of the roof of the weaving-

shed should run in a direction from east to west in order

to present the glazed portion of the bay to the north, the

volume of light obtained from this point of the compass

being the greatest, most steady, uniform in quality, and

the best adapted for manufacturing purposes. This point

secured, regard must be had to the arrangement of the

looms which ought to run in aisles at right angles to the

bays of the roof, in order that the slays or lathes of the

looms shall not cast shadows upon the warp shed in the

process of weaving, and thereby interfere with the weaver's

quick perception of yarn breakages or flaws of other

descriptions.

The plan, fig. 182, represents a well-arranged weaving
-shed to contain 510 plain looms, 40-inch reed space, with

•the necessary preparation machinery of the following pro-

portions :—There are three winding machines placed side

by side, with ample space between them for the operatives.

Each machine contains 300 spindles and is arranged to

wind from mule cops upon warper's bobbins
;
gauge of

spindles 4a inches. The driving pulleys are 12 inches x
2i inches and make 140 revolutions per minute, and with

a 7-inch tin cylinder cause the spindles to run at 650 revo-

lutions. The total length of frame is 30 feet 7a inches x
5 feet 6 inches wide. Each machine is driven over swing
pulleys. In the same room as the winding machines

there are six self-stopping beaming machines, having V
creels, each to contain 504 bobbins. The machines are

placed so as to deliver their full beams into one main pas-

sage and have each plenty of space allowed round the

creels for bobbins, etc. The floor space of each machine,

including creel, is 13 feet 9 inches x 7 feet 3 inches, with





CONSTRUCTION OF A WEAVING ESTABLISHMENT. 363

driving pulleys 15 inches diameter running 40 revolutions

per minute. All the machines are driven from one main

shaft.

The sizeing room is situated next to the winding room and

provides ample accommodation for two sizeing machines

and the usual size-mixing apparatus. The former are each

nine-eighths wide and are arranged with G feet and 4 feet

drying cylinders, with creels to hold six warper's beame,

length of machine 32 feet 6 inches x 8 feet 6 inches wide.

The pulleys are 13 inches diameter, running 200 revolu-

tions per minute. These machines, as well as the size-

mixing apparatus, are conveniently driven. Next to the

sizeing room there are two spacious rooms for reel and

heald stores, and for looming or drawing and twisting-in

purposes. These latter are in direct communication with

the weaving shed.

All the machinery is driven by ropes in the most direct

manner possible, the engine being arranged to drive

direct to two first motion shafts, from whence power is trans-

mitted to each succeeding driving shaft by counter ropes

and pulleys. From the main shaft, and connected with it

by bevelled gearing, a line of light shafting runs parallel

with and between each two rows of looms as set back to

back, and which are driven from it. The driving pulleys

for each loom are placed as direct as possible under each

driving shaft. Two of the loom driving shafts are ex-

tended into the sizeing and winding rooms for driving the

machinery contained therein, in the manner above stated.

The question has recently been raised whether by the

system of rope-driving more power is not absorbed and
lost in its transmission from the engine to the machinery

than by wheel-gearing, which since rope- driving practically

displaced it, has been considerably improved. Possibly

the serious disadvantages of the latter system as they

existed up to 1875 may have been reduced, or even

obviated altogether in many important respects ; but some
of them, such as the cost of greasing, the filth incident to
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this, the noise, and the liability to disastrous breakages,

are essential to the system, and though they may be

minimized, they cannot be removed altogether. It is

charged against the rope-driving system that too much
power is absorbed in dragging the ropes out of the grooves,

and the increased friction caused by the weight of the

ropes pulling the shafts heavily against their bearings. It

is probable that the latter will be a matter that cannot

easily, if at all, be removed, or even materially reduced,

but the former by improvements in the form of the groove

may be obviated altogether. It may, at all events, be
assumed that the system of rope-driving did not jump
into existence in its most perfect form, and that therefore

if it has lost the leading position-—which is not admitted

—

there is no reason why it should not easily regain it.

But these and many others are points that will always

require the careful personal examination of every person

intending to commence business, for until progress ceases

to take place, all competitive systems in every department

are liable to undergo important modifications.

In the conduct of a large business, such as is implied

by a mill like the one described, it sometimes happens that

orders for what are termed lightly picked goods will be

received, in working which the looms would overrun the

preparatory department, if permitted, which would cause

inconvenience, loss of time, and diminished production.

In order to avoid this result a small engine is provided for

overtime working of the preparatory department—espe-

cially the sizeing machines, without running the shafting

and gearing of the other portion of the establishment.

The steam left in the boilers, and which would otherwise

condense during the night, is generally sufficient for this

purpose, and is thus utilized. A mechanic's shop for

making repairs completes the equipment of the estab-

lishment.

The boilers, along with the economizers and chimney, are

in close proximity to the engines, and are arranged as com-
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pactlj as possible, whilst a large mechanic's shop is con-

veniently situated alongside. The coal space for the

boilers is easy of access from the yard.

A spacious yarn store and cloth warehouse are provided,

and have each direct communication with the yard for

loading and unloading purposes.

Fig. 183.

—

The Lancashire Boiler.

The arrangement of the shed generally is suitable for

economical working and can be readily extended without

very great cost.

We may now turn and look at these matters in a little

more detail. The selection of a proper type of boiler is an

important matter. Cotton manufacturing is in no sense

a business that furnishes fuel as a waste or bye product
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of any of Its processes. All the fuel has to be purchased
in one way or another. Therefore the type of boiler

should be that constructed to give the highest degree of

evaporative power from every pound of fuel consumed.
There are many types of boilers, but the merits of these

need not be discussed in the limited space that can be

devoted to the matter here. It is enough to appeal to

the general experience of the trade, and this has long

declared the Lancashire boiler (fig. 183) is simple, efficient,

and economical, whilst it can be easily cleaned and kept in

order. This boiler, as will be seen from the illustrations

given herewith, of the front view (fig. 184), and cross

section, 185, contains two flues, extending the entire

length. Each tube has its own furnace. The presence of

two flues distinguishes the Lancashire from the Cornish

boiler, which contains only one. The two flues give

much greater heating surface than one, and thus more
effectively utilize the heat generated. With a view to

still further increase the steam generative power, the flues

are fitted with what are termed Galloway tubes, shown
in the cross section (fig. 185). These have long ago been

jDroved of such advantage, that they are now found in

almost every boiler of the Lancashire type by whoever
made, as the patent right has expired. In addition to

economizing the heat developed, these tubes facilitate the

circulation of the water in the boiler. The boilers are of

course fitted with the usual steam and water gauges,

pressure indicators, blow-off taps, and the other appliances

conducive to efficiency and economy. The internal con-

struction of this boiler is shown in fig. 186, a longitudinal

section.

Notwithstanding every device indicated in the con-

struction of the boilers illustrated here, and of other

types also, there is still an enormous waste of the heat

generated, which passes into the atmosphere unutilized,

and the fuel consumed to produce which is thus wasted.

The steam boiler has hardly ever had that attention given
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to it which its importance deserves, and which in the way
of economy it will well reward. This neglect, however,

seems likely soon to be remedied, as its turn for attention

is beginning to be recognized. It has been seen that the

wasted heat ought to be utilized, and attention is being

closely directed to the accomplishment of this end. One
method of doing this is illustrated in fig. 187, which

shows an improvement in the construction of the furnace

Fig. 187.—Improved Boiler Flue.

flue. The inventor recognizes that the air and gases

developed in the boiler furnaces are heated to a tempera-

ture of from 1,700 to 2,000° F. This of course would
fuse the entire furnnce and its surroundings, were it not

conducted to the water contained in the boiler, or allowed

to escape into the air. Its escape into the air is not

desirable; its absorption by the water is. It is unneces-

sary to do more than remark that water vapourizes and
passes off in steam at 212° F. This occurs with the water

in contact with the external surfaces of the furnace flues,

PB
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water of a lower temperature taking its place until it

attains the same degree of heat, when it passes away in a

similar manner. The whole volume of water the boiler

contains thus becomes heated to the same degree, and the

circulation goes on, the vapourized water passing into the

steam space of the boiler, where it is stored until required

by the engine. The point to be observed here is that the

heated gases of combustion impinging upon the internal

surface of the boiler flues, and whose temperature, as just

observed, is from 1,700 to 2,000°, are rapidly reduced

from that point to something near 212°, by parting with

their heat to the water, the iron of the flue being the

medium of conduction. Thus continuously the flue is

lined with a thick film of comparatively cool gas through-

out its entire length. This gas is a bad conductor of

heat, and is almost impenetrable to the greater heat of

the unchilled core of hot gases rushing along to make
their escape through the chimney, and which thus carry

away their valuable quality of heat, produced at so much
cost, unutilized.

How rapidly this heat passes away will be seen when it is

stated that a Lancashire boiler is generally 30 feet in length,

and that the force of the draught or rate of the passage

of air through the furnace and flues is about 650 feet per

minute, thus giving only about three seconds of time for it

to deliver its precious freight of heat to the water. This

is totally inadequate for the purpose, even if we quadruple

the time, in order to take into account the external flues

of the boiler. The inventor, in order to capture the heat

of the core of gases thus escaping, has lined the internal

surface of the flue with angle bars or plates, which extend

through the outer stratum of chilled gases into the hot

core, and taking up its heat transmit it to the water in the

boiler, iron being one of the best of heat conductors. The
result of the experimental tests that have been made has

been highly satisfactory, as also have those of a few com-

mercial ones made in an immature stage of the invention.
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Bat whatever may be the ultimate fate of this invention, it

is in this direction of the economization of fuel that the

manufacturer, and all steam users, should look for the

attainment of a considerable advantage.

A new manufacturing establishment should be equipped
at the outset with the most .improved appliances, not only

Fig. 188.—Boilers with Mechanical Stokers and Stoker
Feeders.

in steam generatior, but in the economical use of the
labour necessarily employed to produce it. Hence there
have been invented as aids to this end quite a number of
mechanical stokers of more or less merit. These, how-
ever, have not been in the main labour improvements
upon the human manual stoker. They greatly lightened
the oppressiveness of the stoker's labour in relieving him
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from direct exposure to the glare and heat of the furnace,

and dispensed with the requirement of skill on his part in

the distribution of coal upon the fire. He had only to

feed the hoppers of the stokers, and if he could throw the

coal into them it could not go wrong. The iron arms of

the stoker did the distribution.

Something, however, remained yet to be accomplished.

If the furnace could be fed mechanically, why could not

the hoppers ? The inventor again, in the person of Mr.
Thomas Wrigley, the principal manager of the extensive

mills of Messrs. Fielden Brothers, Limited, Todmordcn,
said they could be, and forthwith proceeded to show how,
by the invention of his automatic stoker feeder. The

Fig. 189.

—

Mechanical Stoker Feeder Conveyor Worm.

accompanying illustration, fig. 188, represents a series of

boilers fitted with mechanical stokers, and the mechanical

stoker feeder. Instead of tipping the coal, as usual,

into and upon the floor of the " fire-hole " in front

of the boilers, a series of large hoppers are arranged

in front of them for the reception of the coal, and into

these it is tipped from carts or waggons as the case

may be. The hoppers have vents at the bottom and
discharge into a channel in the floor. In this channel is

fitted a large conveyor worm, a short length of which is

shown in fig. 189, the revolution of which carries the coal

to the end of the fire-hole, delivering it into a small hole,

whence it is lifted by an endless chain of buckets forming

the elevator. These discharge it into the longitudinal
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half-tube extending along the front of the boilers over the

hoppers of the mechanical stokers. This contains a

second conveyor worm which brings the coal along, de-

livering it at orifices over each hopper. It will thus be

seen that by this arrangement the coal is never handled

from the moment it is received right through to its com-

bustion. The invention thus dispenses at least with the

services of one man to every three boilers. It also pre-

vents all waste of coals by their getting into the ashes

and being carted away before combustion. It thus be-

comes an important labour-saving appliance, as one or

two men can take charge of all the boilers of a large

establishment, and have less to do than when they had
only charge of two on the old method. The conveyor

worm is constructed of cast iron on a principle discovered

or invented by Mr. Wrigley, by which a cast-iron worm,
true in construction, and of any desired diameter or

weight per foot, and of any length desired, and which can

be used for a conveyor for either light or heavy sub-

stances, can be made. A worm of this kind has been a

great desideratum, and Mr. Wrigley, by its invention, has

placed the world of mechanics under an obligation.

Another important method of economizing the heat

generated in the boiler furnaces is the economizer, as it

is called, and an illustration of a set of which is given in

fig. 190. These pipes are placed behind the boiler, the

feed water for which passes through them. As the hot

gases leave the boiler flues they impinge upon these pipes

and heat the water contained in them to or over the

boiling point, so that it does not lower the temperature
of that contained in the boiler when it enters, and does

not itself require to be heated up to boiling point by the

furnace fires. This valuable adjunct to steam generation

introduced by Messrs. Green and Sons, Wakefield, is so

well known as not to require any further remarks.

An important part of the furniture of modern steam
boilers are the valves. The now common practice of



Fig. 190.—Green's Economizer.
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working at very high pressures, and the growing tendency

to increase even these has to a great extent rendered

obsolete the older types of valves, and their continued use

in the changed circumstances not free from risk. To suit

present needs the dead weight valve, which has done good

service in its day, would need to be constructed in a very

cumbrous form, and with a large increase of material. For
a boiler working at about

1501b. pressure it requires

over half a ton dead weight

for a 3 inch valve. To
meet the new requirements

an improved valve has been

designed (Fowler's patent)

and placed upon the market

by the makers, Messrs. Mel-

drum Brothers, Engineers,

Manchester. This improve-

ment is termed The Compact
Dead - weight Safety - valve,

and is illustrated in fig. 191.

It consists of a hollow sphe-

rical casing resting on two
seats, one face of the valve

and one face of the seat

forming portions of concen-

tric spheres, so that the

valve is left free to oscillate

slightly on its seat, while its

construction is such that the dead load required is only

necessary to weight the annulus represented by the two
valve diameters. This reduces the total weight of the

valve by fully one half, whilst the separate pieces can be

easily handled, and the valve be fitted by one man. This

arrangement secures all the advantages of a dead-weight
valve, whilst two outlets being provided, more rapid relief

is afforded in the event of pressure rising too high.

Fig. 191.
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Another important safety provision is a combined high-
steam and low-water safety valve, by the same inventor,
and issuing from the same firm. It has been specially
designed to give prompt warning of the running short of
the water supply, and to automatically reduce the pressure
in the boiler, by allowing the steam to escape at tke same

time. It consists, as will be seen from the accompanying
illustration (fig. 192) of a duplex arrangement of levers,

with a balance-weight suspended centrally above the float.

The latter is composed of several cylinders suspended
from two stirrups. These cylinders are filled with water,

and require only a balance equal to their immersed weight.

The water contained in them causes the valve to lift when
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the surrounding water leaves the float. The construction

of the float renders it easy to balance the parts for proper

working before the valve is sent away from the makers,

after which there is no requirement for readjustment

arising from the decay of the parts as in the older types.

The introduction of duplex levers renders the valve much
more compact than before.

The engine next calls for a few observations. A good

type, and one very suitable for a manufacturing establish-

ment such as the one under description, is represented in

the accompanying illustration. It is an elevation of a

modern horizontal compound-engine, with condensor. It

is fitted with grooved fly-wheel for transmitting its power
by ropes. The cylinders are fitted with Corliss gear.

They are arranged tandem fashion, or one behind the

other. On the right of the illustration is shown a powerful

barring apparatus, the function of which is to bring the

engine into proper position for starting. Such engines as

these show a wonderful advance upon those of twenty-five

or thirty years ago both in construction and economy of

working.

The equipment of a mill or weaving establishment with

the gearing and shafting generally goes with the engine

contract, though not always. Steel shafting is to be pre-

ferred, as it will transmit from 25 to 30 per cent, more
power than the same weight of good wrought-iron shaft-

ing, and this weight avoided there is a corresponding reduc-

tion of the cost of driving. Shafts should be well sup-

ported, and carried in wide bearings not too wide apart.

Bright shafting is more easily kept clean than dull shaft-

ing, and so slightly diminishes fire risks by not allowing

the lodgement of cotton down or dust thrown off in the

processes of working.

The pulleys should be of the unbreakable or wrought-
iron type which are strong, light to drive, and repairable

in the event of accidents occurring to them. An illustra-

tion is given of one of these in fig. 194 Where pulleys
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are placed in such a position that there is a probability of

their being in the way of some requirement or other they

should be of the kind called split pulleys, so that they

can be removed and replaced with facility.

Of late years swivelling shaft bearings have come into

extensive use and favour. This form of bearing is by far

the best and most economical in use at the present time.

It is easily erected and adjusted vertically or horizontally,

and afterwards needs little care, as it perfectly adapts

itself to the alignment of the shaft it is supporting.

Fig. 195 shows a wall bracket with adjustable swivel

pedestal; fig. 196 . exhibits a flat pillar bracket with

adjustable pedestal ; fig. 197 depicts a swivel adjustable

pillar bearing to clip on round pillars ; and fig. 198 shows
a wall box with 'adjustable pedestal. The illustrations
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represent the types of these bearings as made by the

Unbreakable Pulley Company, West Gorton, Manchester.

Adjustable bearings ought to be used wherever economy
of driving is a consideration. Unless the equipment of the

establishment in shafting and gearing be well done a loss

of power and a waste of lubricants takes place, whilst

Fig. 195.

the liability to breakdowns, with the trouble and expense

incident to them, is greatly increased.

Power is transmitted from the prime mover chiefly by

three methods : wheel-gearing, belts, and ropes. From
the early part of the century until well on in the sixth

decade gearing was almost solely employed. It had,

however, many serious defects, including great liability
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to breakdown. About 1868 tbe attention of engineers in

this country was attracted to the fact that in America it

had become common to transmit power from the engine
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Fig. 196.

to the first driving-shaft by means of a large leather belt,

and thence by other belts to successive shafts until the

machinery was reached. This began to be regarded with

considerable favour in the English manufacturing districts,
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and was adopted in a number of instances. In the autumn
of 1875 a Bolton gentleman, Mr. William Bamber, a cotton

Fig. 197.

spinner, was spending a brief holiday in the neighbourhood

of Dundee, in Scotland, when happening to enter a small

flax or jute mill in the country, his attention was arrested

by the fact that the power was being transmitted from the
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engine to the first shaft by means of ropes running in

grooved pulleys, which had taken the place of the usual

spur gearing. As a practical man, the full importance of

the advantages of the system struck him at once. His
mill in Bolton having just previously been destroyed by

Fig. 198,

fire, and being then in course of re-erection, he instantly

decided upon adopting the new method. Communicating

with his engineers, Messrs. John Musgrave and Sons,

Bolton, he explained his desires, and they after some
hesitation as to the wisdom of the new departure, carried

his views into effect. The result was highly satisfactory.

Soon after its completion the present writer was invited
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to inspect the new system, and was so pleased with it

that he made a careful examination, and gave publicity to

it in a journal with which he was then connected. The
new system attracted wide attention, and excited a con-

siderable amount of interested opposition. Its merits,

however, were so evident, that this was soon silenced, as

spinners and manufacturers would have nothing else. It

has since been adopted in almost every new mill that has

been erected. In a few cases the two systems of spur

gearing and ropes have been combined. On the whole
the introduction of the system has been an improvement
of inestimable value. The writer has since learned that

it owed its revival—for it is really an old system—-to a

Belfast firm of machine makers, who patented it, but did

not push its adoption probably through becoming aware

that the patent was invalid from previous use.

Hemp and manilla ropes were at first employed, but

cotton was soon tried, and found to possess better wearing

qualities than any other material. The result was that

cotton soon became of general use in the manufacture of

driving ropes.

The transmission of power by ropes is a use which calls

for a modification of the usual method of construction, as

several new factors affecting the value of the rope and its

durability enter into the problem. An ordinary rope is

made to bear a heavy strain mainly arising from a direct

pull. The rope used in the transmission of power has

this to do and something more, namely, to submit to con-

stantly recurring flexure and straightening again as it

bends over the pulleys and is straightened out again in

its passage from one to the other. This begets an enormous

amount of friction amongst the fibres of which it is com-
posed, which has a tendency to pulverize them. Those

fibres lying on and forming its surface have also to bear

the frictional contact with the grooves of the pulley, of

entering them and being dragged out. These form great

additions to the burden of an ordinary rope. The superior
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flexibility of a cotton rope undoubtedly is the cause of the

preference shown for it for this purpose, but even the

cotton rope in its best ordinary form left much to be

desired in the way of increase in the qualities of flexibility

and durability, and inelasticity.

Seeing these facts, Mr. Thomas Hart, of Blackburn, the

present head of a very old established firm of rope-

makers, set himself to solve the new problem. This he
accomplished by the invention of the well-known " Lambeth
Rope," so named from the Blackburn works of Mr. Hart.

This is a cotton rope of peculiar construction. It is com-
posed of four strands, each strand consisting of a number
of cotton yarns run out parallel to one another at a

uniform tension, so as to give equality of length to each.

These threads form the core of the strand, and one

intended to bear the whole of the tensile strain that it

has to carry. The strand is not twisted, or at least not

more so than to bring the yarns together. The absence

of the usual twist leaves the strand exceedingly flexible.

Around this untwisted strand of yarn an envelope is

thrown composed of ten twisted cords of cotton yarn,

which are wound helically around the strand, enclosing

it in such a manner as to form for it a perfect shield,

which preserves it from wear and maintains its flexi-

bility.

Four of these are combined in one rope. The central

cavity that would be left when four cylindrical strands

were twisted together is filled by three cords. It will be
obvious from this description, and the illustration (fig.

199), that the cores of the strands will receive all the

tensile strain, whilst the envelope or shield will bear all

the wear and tear of the frictional contact of the rope

with the grooves of the pulley. The core threads are

arranged in the best possible manner for developing a far

higher degree of tensile strength than has ever been attained

before, and with the least injury to the component mate-
rial. The envelope, being relieved of all strain, much more

c c
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effectually resists frictional wear. The combination of

strand and cover gives the maximum of durability,

strength, and flexibility yet attained in ropes for this

purpose.

This construction is extremely well suited for trans-

mitting power. As it hardly stretches at all in work
after being put on the pulley, its great flexibility enables

it to bend easily to its work in passing round the peri-

phery of the pulley, and to straighten out again when
coming from it. Hopes constructed on the ordinary

method tend to pulverize and soon break from this cause,

Fig. 199.—The Lambeth Driving Rope.

owing to the bending backward and forward destroying

the cohesion of the particles of the fibrous material of

which they are composed. In some recent tests it

required a weight of 13,260 lb. to break a rope of 1±- in.

diameter. With a strain of 1,775 lb. the same rope

stretched only 2'80 per cent. The general working load

of such a rope is much less than this. The durability of

ropes are of course considerably affected by the condi-

tions and circumstances in which they work. There are

instances cf this rope having been in constant use over

ten years, and which still appear to be as good as when
first installed.
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CHAPTER XII.

Miscellaneous Matters in the Equipment and Organi-

zation of a Cotton Manufacturing Establishment.

An East Lancashire cotton manufacturing establishment selected

as typical of the trade.—Classification of cotton goods.—A selection

for one mill necessary.—A mill for the production of goods for

Eastern markets described.—Blackburn the centre of this industry.

—The construction of the mill and the concurrent provision of

engines and machinery necessary.—Mill stores.—The selection of

proper qualities of yarns and production of sample cloths of primary
importance.—Reception of yarns and subsequent passages through
processes indicated.

—

The Yarn Store: described.

—

The Pur-
chase of Yarns : the qualities to be looked for.

—

General
Qualities of Yarn : the necessity of selecting proper standards
and preserving samples.

—

Testing OF Yarns : permissible amount
of variation of counts ; coarse or fine counts and moisture.—

A

Standard Cotton and Yarn Tester : crude methods of testing
unreliable and unsatisfactory.—A scientific standard of dryness
from the International Congress of Turin.—A scientific yarn tester

for damp yarns, illustrated.—Percentages of loss on 1 lb. of yarn.

—

Points to be taken into consideration.

—

Testing Counts : should
be carefully performed ; its great importance.—YARN Testing and
Inspecting Machines, illustrated and described.—How to use
them.—Preservation of samples.—How to ascertain the amount of

twist by it.—Test for elasticity, illustrated.—The ordinary method
of testing defective. •—A twist tester, illustrated.—Testing by calcu-
lation the best method of getting uniform weights of cloth.

—

Testing Yarns for Strength: testing by hand, and its ad-
vantages in showing the presence of other faults.—Thick and thin
places, "neps," "crackers," their origin, etc.—The lea strength
tester, illustrated.—The only satisfactory and perfectly reliable test
is derived from the careful examination of a yarn in practical work.

IN this essay the writer will follow the plan adopted in

his preceding one, the emphatic approval of which he
is pleased to acknowledge, and devote the following pages
to an exposition of the means whereby, in his opinion,

from the materials employed, the highest quality and the

greatest amount of production may be obtained at the
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smallest cost. Again, as in the spinning division, there

will be found no antagonism in the methods : that which
conduces to one result being equally favourable to the

other.

It may be assumed that the reader who has carefully

perused the preceding chapters will have gathered a suffi-

cient knowledge of the machinery required to equip a

cotton manufacturing establishment in almost any branch

of the trade. The description given, however, so far as

it has any specialty, applies in the main to the great

weaving district of East Lancashire. Assuming that one

of the branches of the trade carried on therein has been

selected, we may proceed to describe its equipment and
general organization.

The manufacturing branch of the trade is more sub-

divided than the spinning branch, and its productions do

not lend themselves to the plan of grouping in classes so

easily as yarns. They will, however, admit of being

roughly divided into five or six great groups, which again

will each require to be subdivided into several smaller

ones. These are

:

1st. Domestics, mediums, and long cloths.

2nd. Printing and finishing cloths.

3rd. Shipping goods for Eastern markets : shirtings,

jaconets, mulls, and bordered cloths.

4th. Coloured goods : a large variety for home and

shipping.

5th. " Fancy " goods, so called from being made in

complex weaves, and with the aid of elaborate shedding

and picking mechanism.

6th. Fustians: these consisting of moleskins, cords,

velvets, velveteens, &c.

It is not necessary at this point to enter into or even

enumerate the subdivisions ; they will be more properly

noticed, if necessary, later on. The adoption of any one of

the above divisions will govern the decisions of the intend-

ing manufacturer in the selection of locality in which to
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carry on his operations, and the structure of mill and

machinery for producing the same. It will at the same
time compel and confine the commercial part of the busi-

ness into special and appropriate grooves.

Within the prescribed limits of this work it would be

clearly impossible to treat each division in elaborate detail.

A selection, therefore, becomes necessary. The third divi-

sion will afford the best choice, not only on account of its

being tbe most important and varied in its productions,

but because it will more readily admit of digressions in

either direction to notice the specialities of machinery,

processes, and productions, as they may from any cause

require attention.

The great district of which Blackburn is the centre, is

the chief seat of the industry represented in the third

division, and its selection demands that our ideal establish-

ment should be placed within its pale. The exact locality

should be one in which an abundant supply of trained and
experienced hands are available, and no local physical

obstacle should impede access thereto. Supply and demand'

in relation to labour should operate as freely as possible.

Other things being equal, the choice of the labour market
should be as open to the owner as to any of his competitors.

If any of these points are sacrificed care should be taken

that full compensating advantages are secured in per-

manence.

The weaving-shed and the details of its structure have
been sufficiently described in the preceding chapter.

Parallel with the construction of the weaving-shed, or

at least immediately antecedent to its completion, it will

be necessary to consider the commercial side of the

business, because the arrangements required ought to be
as far as possible perfected before they are needed to be
set in motion.

It is assumed that the engineering work necessary to

fully and properly equip the weaving establishment with
boilers, engines, shafting, gearing and other essentials,
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have been duly contracted for, and such conditions made
as to preclude delay in its execution. If this has not been
done, loss may occur owing to the capital previously

expended being rendered unproductive for a longer period

than ought to have been the case. The same remarks will

apply to the machinists who are to supply the preparation

machinery and the looms. Indeed, delay at any point from
any cause, will necessarily paralyze work at every point

and involve loss. Assuming that these points have been
attended to on the lines laid down, little will remain to

describe of its mechanical equipment but what will come
before the reader in an incidental way.

The next requirement will be the provision of the mill

stores necessary to equip and set the preparatory machinery
and the looms to work. These will consist of healds, reeds,

pickers, picking bands, strapping for driving-belts and
other purposes, brushes, oil, sizeing materials, etc.

The next step is one of primary importance, namely, the

selection of the proper qualities and purchase of yarns.

This must be governed by the character of the business

intended to be pursued. It has already been assumed
that the branch selected is the Blackburn trade, the manu-
facture of goods mainly intended for exportation to the

great markets of Eastern Asia : India, China, Japan and

subjacent countries. These consist of T-cloths, sheetings,

shirtings, jaconets, mulls, and cotton cambrics. But
this would be far too extensive a field to endeavour

to cover, as each of the three first classes of articles require

to be divided again into three sub-classes, namely, low,

medium, and good qualities; whilst in shirtings, jaconets

and mulls, there are sub-varieties, namely, shirtings, jaco-

nets and mull dhooties : that is, shirtings, jaconets, and

mulls having taped, plain-coloured, or coloured striped or

figured borders. Then again, besides these varieties there

are the same in narrow, medium, and wide makes, and

in these only the qualities for which proper provision has

been made in the widths of the looms, can be undertaken.
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These various cloths require different counts of yarns, and

in their subdivisions different qualities of the same counts.

In the latter it is highly inconvenient to work them to-

gether on account of the risk that exists of the different

qualities of the material getting mixed. This has led to

manufacturers adopting one or other of the ordinary sub-

divisions, and to make accordingly, good, medium, or low
qualities, as the case may be. The section having been de-

cided upon will dictate the counts and quality of the yarns

to be purchased. As a rule persons beginning manufac-

turing will have to undertake the responsibility of these

decisions with but little guidance from actual contact with

the market, because no merchant would give them an order

without first seeing samples of their production, and

samples cannot be produced without manufacturing being

actually commenced. To any application for orders under
such circumstances the merchant would reply, " Show me
samples of what you can make." And very properly so.

But in commencing business it is more usual to engage
the services of an agent of experience and reputation, and
having a good connexion, such a one being able to offer

valuable advice at the beginning.

Assuming that these matters have been decided, and
that the supply of yarns has been bought, it is brought

into the establishment in large skips or baskets, holding

from 250 to 300 lb., and is warehoused in the yarn

store. From here it is delivered to the winders ; next,

upon bobbins, to the warpers, and thence upon beams to

the sizers. After its passage through the latter process,

it is delivered upon loom-beams to the drawing-in or loom-
ing-room, for the drawers or twisters to attach the healds

and complete its preparation for the loom. From here it

passes to the weaving-shed, in which, so far as the manu-
facture is concerned, it is completed. It is only in rare

instances in this country that bleaching, dyeing, or print-

ing is carried on in the same establishment. Weft yarns,

as a rule, not requiring any preparatory treatment, pass
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directly from the spinner to the weaver, and when received

are simply warehoused in the weft-store, whence they are

delivered in small cans or baskets to the weavers in the

loom-shed. When the cloth is woven it is cut into certain

marked lengths called pieces, and sometimes collected

from the weavers by a labourer, carried into the warehouse,

and entered to the respective weaver's credit. In other

cases the weavers deliver the cloth to the warehouse. After

careful examination, it is made into bundles, and des-

patched to the agent or merchant in Manchester. With
this prelude we may now speak of a few preliminary

matters before proceeding to treat of the conduct of the

various processes which will require a chapter to them-
selves.

The Yarn Store.—Assuming that a weaving mill has

been constructed, approximately, at least, on the lines laid

down in a previous chapter, we may offer a few remarks

on the yarn store. This should be a cool apartment on

the ground floor, or a cellar with plenty of light, though

not admitting the rays of the sun in a direct manner to

any considerable extent. In the matter of dryness it

should be a little below what may be called " par." Let

it be assumed that 100 represents natural dryness ; =
zero, a humid state of the atmosphere that would imply

rain ; the condition of a yarn store would be best at about

60-70. There is something in slight humidity and coldness

that tends to produce consolidation in cotton yarns, and

to make them work better both in the winding-room and
the weaving-shed. Neither twist nor weft that have been

exposed for several days to the high temperature of the

winding-room or the weaving-shed work nearly as well as

that which has been newly supplied from the yarn store.

The Purchase of Tarns.—It is always best to purchase

yarns that are of a reliable character, both in the points of

quality of material and regularity of counts, because those

which vary in either of these respects will at one time or

other involve the user in loss and trouble ; in the latter
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when the counts run down, and in the former when the

variation renders it unfit for the purpose intended. It is

a good plan to find several spinnings that are satisfactory,

and as nearly alike as possible, and to work these as ex-

clusively as circumstances will permit, because by changing

from one mark, or spinning to another without due care,

all sorts of irregularities are induced, the bad consequences

of which the best management cannot obviate. The cloth

produced will thus get a bad character, and though actually

fluctuating in quality, will always have to be sold at a

degraded price. There is another reason why several

spinnings should be discovered about equal in quality : it

is not desirable that a weaving establishment purchasing

its yarns should depend upon one or two spinnings which
circumstances, such as forward engagements to other

customers, a strike, a breakdown, or a fire, might cause

to be taken from the market at any moment.
General Qualities op Yarns.—It is very important

that a proper standard of quality should be selected for

the yarn it is intended to use, and that samples of this

should be preserved and kept perfectly clean. Subsequent
purchases should be regularly compared with these sam-
ples and not with each other in succession. In the latter

way considerable degradation is liable to occur, owing
to the shades of difference, though in each separate case

the change may be imperceptible, becoming in the aggre-

gate very great. The qualities that should be looked for

are the proper shade of colour, cleanliness, evenness,

strength, and a uniform amount of twist. When in these

respects the different lots prove equal to the standard

sample, and have been found correct in counts, and gross,

tare, and net weights, and tested for " damp," they may
be passed for use.

Testing of Yarns.—On© of the most important matters
in connection with a manufacturing establishment is the

careful testing of the yarns that are purchased for its use.

The first point to be regarded is the counts, which ought
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to be full to the number purchased, and should neither go
under nor over more than half a hank. In medium counts

there is no valid excuse to be offered for a wider variation.

Some years ago it was a common practice amongst spinners,

say of 32's, to assume that they had perfectly complied

with the terms of their contract if they delivered 31's, and
they would have been prepared to affirm that there was
but little ground of complaint when 30's were delivered :

a deficiency of over 6 per cent, in length from the nominal

point. This in the halcyon days of big profits was a

matter that could be ignored by manufacturers : but of

late, say during the past fifteen years, owing to the severity

of competition at home and abroad, this cannot be done any
longer by those who have the slightest regard for the

maintenance of their solvency, let alone making a living

out of their investment and labour. The exactitude of

manufacturers in this respect has brought about a change

in the habits of spinners, but which it is regretful to say

has only substituted one evil for another. The method
now adopted is to spin yarn two or three hanks above the

nominal counts and by placing it in circumstances favour-

able for the absorption of moisture, say in shallow wicker

baskets, in a damp, steamed, or well-watered cellar, to

bring it down to proper counts by the absorption of

moisture. The water thus surreptitiously added is in-

voiced to the manufacturer, as, and at the price of, yarn.

The natural affinity of cotton for moisture is thus taken

advantage of very extensively to commit what is little

better than a fraud.

A Standard Cotton and Taen Tester.—The dampness

of cotton and yarn is an old cause of complaint amongst

spinners and manufacturers, and has been the origin of

innumerable disputes in matters of account between buyers

and sellers. Crude methods have hitherto been resorted to

in order to test yarns for adulteration by water. A weaver's

canful of weft or twist, about 51b., has often been taken

after carefully weighing and dried upon the boiler or
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in the engine-house, or any other place in which the tem-

perature was high, and after the moisture has been driven

oat it has been submitted to the atmosphere for a greater

or less time to re-absorb what it could get. At other

times whole skips of yarn have been so treated. Many
other rude devices to obtain the same end have been tried,

but in all there has been a want of care and accuracy in

conducting the experiments, and above all of uniformity

in details of weight, exposure, temperature, and atmo-

spheric exposure, so that the knowledge that has been

gained has been too fragmentary to admit of classification

and the deduction of useful conclusions. Practically,

therefore, no purpose has been served by them beyond the

immediate one which caused them to be undertaken. The
want of a sound, reliable, and scientific test has therefore,

until within a few years ago, gone ungratified.

Before satisfactory conditions can be arrived at it is

necessary to establish a standard of dryness upon which all

agree. In conditioning houses upon the Continent this

point has received a great deal of attention, especially in

connection with the conditioning of silk, the most valuable

of all the textile fibres. From this the discussion has

travelled to woollen, cotton, jute, flax, and hemp, and the

subject has been, approximately at least, settled in an

authoritative way. The methods by which these conclu-

sions were reached cannot, however, be detailed here.

The point started from, however, was absolute or chemical

dryness, from which natural absorption was allowed to

commence. The result of numerous experiments was
found to be as stated at the International Congress held

in Turin in October, 1875, that the different fibres in the

state of yarn absorbed moisture according to the following

percentages

:

Wool yarns . . . . 18J per cent.

Jute „ . . . . 13| „
Hemp „ . . . . 12 „
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Flax „ . . . . 12 per cent.

Silk „ .... 11

Cotton „ . .
*

. . 81

These conclusions might not in the humid climate

of England be found to agree with facts in the closest

manner, as undoubtedly, with the greater amount of

moisture regularly present in our atmosphere, all of these

-various fibres would take therefrom a slightly greater

percentage, which would require to be allowed for, or,

perhaps, necessitate a different standard.

Chemical dryness, it may be observed, is obtained by
exposure to air heated to 212° F. If, therefore, to the

weight obtained after subjection to this test the above

percentages be added, natural dryness may be said to be

fairly obtained. Any difference between the weights thus

obtained and the original one will exhibit with a very

close approximation the amount of moisture that has been

introduced for fraudulent purposes. "What has been wanted
has been a ready means of performing this test, and this

has been provided by a gentleman long connected with

the trade in an invention that answers the requirement

in this respect admirably. The appliance is a shallow

rectangulur copper steam chest or boiler, having a corru-

gated upper surface that will receive twist cops or hanks

as shown in the accompanying illustration. The boiler is

fitted with a condenser in which the steam is condensed

and the water returned to the boiler. Hence there is no

trouble in maintaining a supply of water. The whole

is heated by a Bunsen burner. The yarn to be tested

—

1 lb., the tester being arranged to treat that quantity at a

time—having been placed upon the corrugated top, the

burner is lighted and the water quickly raised to the boil-

ing point. By exposing the yarn in this manner the free

moisture it contains is thrown off at the following rate : In

three hours it is brought within 1 per cent, of chemical

dryness, in two hours within 2 per cent. As the third hour
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is almost invariably within 1 per cent., two hours' exposure

is sufficient for comparative tests.

In order to facilitate the use of the tester, its inventor

has compiled the following table of percentage of loss on
1 lb.

:

1 lb. loss 2 oz.= 12*5 per cent.

lib. n lf.oz.= ll-7

lib. 11 If oz.= 10-9

lib. 11 If oz.= 10-1

lib. 11
li.oz.= 9-4

lib. 11 l|.oz.== 8-6

lib. 11 l£oz.= 7-8

lib. 11 lj.oz.= 7-0

1 lb. •>) 1 oz.= 6-2

lib. 11 Joz,= 5-4

lib. 11 £oz.= 4.7

lib.
11 foz.= 3-9

lib. 11
ioz.= 3-1

1 lb. 11 |-oz.= 2-3

1 lb. 11 Joz.= 1-5

lib.
11 iQz.= -8

One per cent, loss or gain on any standard fixed upon is

on 20,000 lb. at 6d.= £5, at 9d.= £7 10s., at Is. = £10.
From these figures the value of a standard tester will be

manifest. The tester occupies only a small space, being

21 in. by 10 in. and 8 in. deep. It requires very little atten-

tion, and a small amount of gas keeps it to the boiling

point. It is illustrated in fig. 200.

In justice to sellers of yarns it must be observed

that buyers who resort to this test will require to take

into consideration and make allowance on several points

that have not yefc been noticed. Honest single cotton

yarns by the dry air test will lose 8 per cent., by the tester

in two hours 6 per cent., or say 1 lb. in two hours will

lose 1 oz. In doubled yarns a larger allowance will have
to be made, as the doubler is expected to return the same
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weight as that delivered to him, and to hold him to this

standard would be to make no allowance for waste in the

process of doubling ; and the allowance on this ac-

count will require to be greater in the case of coarse

yarns than fine ones, because of the higher proportion of

waste resulting from working them. And further: all

Fig. 200.—Yarn Tester for Damp.

tests, it must be observed, can only be comparative, be-

cause of the fact that various classes of the same fibres

differ in their hygroscopicity or power of absorbing mois-

ture. Thus in cotton, for instance, American, Egyptian,

and Surat cottons after being dried would probably be

found to absorb different proportions of moisture, and
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similarly the yarns made from them. Only experience

and conscientious handling of this admirable instrument

will, however, bring these points into full view.

This little invention will be found to be of great utility

in all branches of the textile industries, and no doubt the

principle it embodies will be found capable of even wider

application.

Testing Counts.—Wrapping or testing, to discover the

counts, should be very carefully and honestly performed,

in justice to both buyer and seller. For this purpose it is

best to use a modern or improved reel, with a traverse

motion for distributing the yarn upon its periphery instead

of allowing it to run in successive layers upon each other,

thereby sensibly enlarging the circumference and causing

the leas to yield an incorrect result. This deceives the

operator and gives rise to annoyance by causing claims to

be made that can be shown to be founded upon an error.

The importance of attending to the counts of yarns, is

of the greatest moment ; because if the yarn should be

purchased for 30's and should come in 28's, the loss in the

length of thread will be 7 per cent. ; and if 29's, 3i per

cent. Supposing 40's be purchased and 38's received, the

loss will be 5 per cent., and 2i per cent, with 39's. Yarn
which is more than half a hank away from nominal counts

should not be passed without a claim for compensation,

and if this cannot be obtained, care should be taken that

either the price paid for it should be sufficiently low to

afford compensation for the loss as compared with those

correctly spun, or the latter should be purchased in pre-

ference. Suppose a sufficient quantity of yarn to have
been purchased for manufacturing 1,000 pieces of cloth,

and that the same has been invoiced to the manufacturer,

but that either by excessive moisture, coarseness of counts,

or both combined, there is a loss of 5 per cent. The yield

will then only be 950 pieces, the remaining weight either

having gone into the 950 pieces, making them better than

contracted for, or otherwise having evaporated in moisture.
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In either case it is a loss to the manufacturer. This in a

weaving mill containing 500 looms, making six pieces per

loom per week, will be equal to a loss of 7,500 pieces, re-

presenting, at 6s. per piece, a sum of over £2,150 per

annum. This sum, it will be obvious, means the difference

between success and failure.

Patent Yarn Testing and Inspecting Machine.—The
best machine for testing the counts that we have seen is

the patent yarn testing and inspecting machine manufac-
tured by Messrs. Henry Wallwork and Co., Charter Street,

Manchester. This machine enables those interested

in the buying and selling of yarns to thoroughly test their

qualities not only in the counts but also in the evenness,

and to keep a visible record, by which they can also make
a comparison with the same or other yarns at any time.

This machine supersedes the ordinary wrap reel. Instead

of winding the yarn to be tested on a reel, it is wound
helically on a flat piece of blank cardboard, so that each

convolution lies close to the board, and there is no over-

lapping; every layer is therefore of precisely the same
length, and separate from all the other layers. Lying
against a black background, every portion can therefore be

easily seen and all the flaws or bad places instantly

detected. We give two illustrations of this improved

reel.

Fig. 201 shows the machine as used for obtaining the

ordinary lea for weighing to determine the counts. It

will be seen that a vertical standard carrying all the

mechanism is secured to a good wooden base. The shaft

to the right carries at its end four double prongs, or clips,

into which the black cardboard is inserted, as shown in the

illustration. This shaft also carries a worm wheel work-

ing into the indicator dial for registering the number
of revolutions. A second shaft, to the left of the vertical

standard, and driven from the first shaft by means of a

cord, is screwed at its projecting end, the pitch being six-

teen threads to the inch ; on this screw hangs loosely the
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handle for guiding the thread, seen in the illustration,

which travels along as the screw revolves. When the

handle has traversed the whole length of the screw

it can be lifted and put back to the other end at once, when
it will be in a position to start again. In this manner the

convolutions of the thread are laid nearly side by side, and

when the lea, consisting of 80 threads, has been wound,

the board is full. The number of turns are counted by the

dial and pointer in the usual manner. To take off the

Fig. 201.—Yarn Tester for Counts.

lea, all that is required is to slide the template out of the

clips, when by bending a little the threads are easily re-

moved.
When it is desired only to inspect the yarn, it is not

necessary to lay the threads so closely together as it

is when winding for the lea ; in this case, then, the cord

seen in fig. 201 is put on a larger pulley, the effect of

which is to turn the screw faster in comparison with the

template, and so spread out the threads more. In fig. 201

a card is shown at the base of the machine filled with yarn ;

D D
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in fig. 202 a similar card is shown with the yarn wound for

inspection only. In this case the distance between the

threads is abont an eighth of an inch ; all the defects, such
as knots, snarls, dirt, or soft places, will be very well

shown up. These cards offer a very convenient means of

keeping samples for future reference or comparison, or for

comparison of one maker's yarn with another. In taking

samples for comparison, or for keeping, the ends of the

cards should be gummed, so that when the yarn is once

placed upon them it will retain its position. The machine
is arranged to wind from spools, bobbins, or cops. By
means of the long rod attachment, seen in fig. 202, the

machine can be arranged to test the elasticity of yarn.

For this purpose the rod is fixed as shown, and the yarn

is secured to it at one end and to the arm working on the

screw at the other, the length of thread between the two
terminals being about 12 in., or any other suitable length.

The pointer is set to zero, and the handle then turned

as before ; the loose arm moves up the screw at a known
rate, and when the yarn breaks, the amount of stretch

is registered on the dial. The stretch may be registered

as so many sixteenths of an inch per foot, or in percentages,

or in any other way that may be desired. It should be

mentioned that the tension of the thread, while under this

test, is prevented from exceeding a certain amount by
means of a small weight attached to the end.

Again, another use to which this machine may be put

is to determine the amount of twist in doubled yarn. For

this purpose the long rod seen in fig. 202 is reversed, and

the doubled thread is clamped by the specially-prepared

end of the screwed spindle. The pointer on the dial is set

to zero, and the handle then turned as before, until all

the twist has been taken out, when the number of turns

made is registered by the dial ; the length of yarn operated

on must be known in order to determine the number of

twists per inch, so that the bar is marked to give one

inch, two inches, or three inches, as may be desired. In
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very fine counts the twist can be followed up by a needle,

and so it will be known when it has all been removed.

The makers also supply a small spring balance attach-

ment for testing the breaking strength of single thread*-.

This balance is arranged to be hung from the long rod,

shown in fig. 201, which can be fixed vertically. When the

thread breaks, a catch prevents the spring from shooting-

back until the reading has been taken. Such a test as

Fig. 202. -Yarn Tester. Showing how to take Samples
for quality.

this will show where the weak places of the yarn are (if

there are any), though of course to get the average

strength a number of tests of single threads must be

made to the average taken, or resort may be had to the

ordinary yarn tester. An additional attachment for testing

the strength of eighty threads at once is provided, which
seems to be very efficient. It would be well if more atten-

tion were paid to tests of single threads, as this is the true

way to find out the imperfections. To test eighty thrends
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at once is very well, but it tells absolutely nothing as to

the variations of strength in each particular length of

thread ; and the sooner this is recognized the sooner the

imperfections will be removed. In actual practical work
the strain comes upon the single thread, and never upon
eighty conjointly, and it will break at the weakest place.

In the manufacture of some of the better classes of

cotton goods, especially those designed for white finishes,

it is highly desirable to have an accurate and ready means
of testing the amount of twist in single yarns as well as

twofolds. For this purpose the tester illustrated in fig. 203

Fig. 203.—Twist Testee.

is a useful instrument. As will be seen, it consists of a

base with measurements upon it. At the left is a fixed

vertical -standard carrying a clip. The one on the right is

a movable standard with a small horizontal spindle carry-

ing a similar clip to that just mentioned. This spindle has

also a worm upon it, gearing into the bevelled edge of an

indicator plate, which registers the number of turns taken

out of the yarn. It is operated by the hand-wheel.

The ordinary method of testing the counts of yarn by
wrapping is, however, very defective, and ought never to

be relied upon alone. As will be obvious, to wrap a few

leas from a few cops from each skip of a delivery of yarn,

even when this is done regularly, which is far from being
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always the case, is practically no test at all ; the inference

being purely an assumption when the conclusion is drawn
that all the remainder of the yarn is the same. There are

numerous ways in which errors, carelessness, wilful mis-

chief, and even fraud, might vitiate the result. Suppose

that slivers of different hanks get mixed in the drawing

frame, or drawings, slubbings, or rovings, in the subsequent

processes by which serious irregularities would be intro-

duced ; the test by wrapping would reach none of these

in an effectual manner. As previously stated, in the

spinning process it is now customary to spin yarns one to

two hanks finer than the nominal counts, and to condition

or reduce the hank to the proper point by damping. When
the wrapping is done before the yarn is tested for damp,

the result is thoroughly incorrect. Formerly the practice

was to spin the yarn one to two hanks below nominal

counts, and as much further as manufacturers could be

induced to accept without demanding allowances. In

order to prevent discovery of this, in some flagrant in-

stances, the change wheels have been altered, and the top

of the cops for a lea or two have been spun correctly. No
imputation is made that such practices now exist ; indeed,

it is highly improbable that they do.

The only satisfactory way of ascertaining the counts of

yarn is to test the bulk, and this can only be done by
calculation. It can be done perfectly in the second process

of manufacturing—that of warping, In the instances

where ball warping is still practised, it is only neces-

sary to work out by calculation what the weight of a warp
should be ; then to weigh the warps produced, and after

making a very slight allowance for loss in the friction of

winding and stretch in warping, the divergence between
the calculated and the actual weight will show how
much and in what direction the yarn is wrong in counts.

In the much more common method, which is almost uni-

versal throughout the great weaving districts of East
Lancashire—that of beam warping—all the empty beams
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should be carefully weighed, and the weight painted upon
the outside of the flanges. Calculations should then be

made of the weights of the counts of yarns in use for

the different numbers of ends ordinarily worked for three,

four, or five wraps, as the case may be. All the warpers'

full beams should then be weighed, the tare of the empty
beam deducted, and the result compared with the calcu-

lated weight. This, as before, will show any departure in

bulk from the counts. This method possesses the further

advantage of getting a true test of the counts, even in the

case where damping may have been suspected, as in the

comparatively warm dry air of the winding and warping
rooms all excessive moisture will have been evaporated.

Of course it will not serve as a test for dampness.

Where the above practice is adopted and the results

correctly recorded, it will be of great assistance in the

production of uniform weights of cloth in the weaving
shed, because in making up a set of back beams for the

sizeing frame, uniform aggregate weights can be made by
sorting the beams. This will eliminate one important

source of irregularity, because when various marks of

yarn are purchased by the manufacturer and worked
without due care, it is no infrequent occurrence for sets of

back beams for the sizeing-frame to vary in weight from

10 to 20 lbs., which variation is considerably increased

by the process of sizeing. Hence it follows that in the

weaving-shed all attempts to keep uniform weights of

cloth by means of using different counts of weft are so

frequently conspicuous failures. The plan stated here, if

carefully followed, will give uniformly correct weights

to the weavers' beams continuously, or at least with such

slight variations as to be inappreciable in the cloth.

Testing Yarns foe Strength.—It only now remains to

give a brief description of testing yarns for strength.

This is often judged by hand with great accuracy by ex-

perienced persons. The test is performed by taking a cop of

twist in the left hand, drawing a length of the yarn from it
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with the right, pulling it tight and then carefully observing

its amount of elasticity and of force required to break it.

This is repeated a number of times from the same cop in

order to discover whether its strength is uniform or not.

Several cops should be tested in this manner to ascertain

if the threads are uniform with one another. This method

at the same time can be used for inspecting the yarn as to

its evenness. A glance thrown along its line, especially

when holding it against a dark background, will show

very easily whether there are thick and thin places alter-

nating, or occasional thick or thin places alone. When
the eye cannot detect any of these faults, the thread

should be allowed to hang slack in a curve. In this state

should it run into a kink, the thinnest and weakest place

will be found there, as will be seen on stretching it again

and pulling it till it breaks, which it nearly always will do

at the point where it ran into a kink. In all uneven yarns

the thick portions are the least twisted, and when very

uneven these will be found to have very little twist at all

in them, so little indeed that they form " soft " places at

which the thread will not break with a snap, but the fibres

will at that point come apart gliding over one another.

This is owing to their imperfect union and compression,

the twist or twine which should have accomplished this

having run into the thinner portions of the thread. On
the other hand if thin places be present in the yarn it will

be found that they have more than their proper amount
of twist. These will be hard and inelastic, and having

fewer fibres in them than the proper quantity they will

break with a much less strength of pull than they ought

to do. Uneven yarn that shows thick and thin places, or

soft and hard twisted ones, should always be avoided,

especially for use as warps. The faults manifested in the

examination of the cop as described will be accented in

the process of actual work. The person who is entrusted

with the duty of buying yarns should make a careful study

of this method of testing because it needs no mechanical
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aids to perform it, and enables him wherever he be to

apply it to any samples submitted to him ; and to very
accurately decide whether or not they will be suitable for

his requirements.

This method of examination is also an excellent one for

ascertaining other defects in yarn. It very clearly shows
the presence of " neps," which are very detrimental. These
are fibres of cotton that have been caught between two
surfaces of moving parts of the machinery in one of the

preparatory processes of spinning or in the ginning process

before them, owing to bad setting or subsequent derange-

ment. Fibres thus caught are nipped and rolled up into

little pellets, like grains of sand in size, and cannot after-

wards be extracted. When the material comes to be spun,

these nips or " neps," as they are corruptly called, are

thrown to the surface of the thread, and are easily visible

to the naked eye, or to a sensitive touch when the fingers

are drawn over a length of the thread. Their presence

greatly deteriorates the quality of the cloth in which they

enter, because then they all come to the surface, and when
the hand is passed over the surface of a cloth where they

are present, it will be found to be remarkably rough.
" Neppy " yarns ought to be carefully avoided.

The hand testing of yarns is also the best method for

discovering other serious faults in them. Nothing enables

a user of yarn to discover the character of a fault better

than the hand test. For instance, when the cotton used

is irregular in staple or length of fibre, short and long

fibres entering into the composition of the yarns, the fact

is easily detected by the fault which results. It is impos-

sible to set the drawing rollers in the mule or spinning

machine to properly work two lengths at the same time,

for if they were set to work the long lengths, the short

ones would be thrown out and far too much waste would

be the result. If they were set to work the short lengths,

less waste would be made, but another serious fault would

arise. Such long fibres as were not broken would be worked
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up at a slack tension with the short fibres at a proper one,

and thus what is termed
i4 corkscrewing " would
take place. When this

yarn came to be tested

in the hand, the person

testing it would find that

instead of breaking with

one sharp snap, it would
make two little cracks in

succession ; or several

little cracks in succession would

be heard from different parts of

the yarn before complete break-

age occurred. These are termed
" crackers," and indicate that the

short fibres at proper tension

where they are found side by

side with long fibres at a slack

tension have been broken, and

that the thread requires a second

or continuing pull to break the

slack long fibres. Yarn of this

kind is very poor, and will cause

a good deal of trouble, and make
bad cloth because of its weak-
ness. This weakness arises from

the fact that its strength lies in

two small units, easily broken

separately, instead of one larger

unit giving the maximum of

strength through perfect union.

It will be seen from this that

we esteem the hand test of yarn
vprv hio-hlv FlG - 204.—Yarn Strength
vei j LUg Ui.y« Tester.

There is, however, a mechani-

cal tester of the strength of yarn that may be resorted to
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if desired. This consists of a machine composed of a wheel,

worm and screw, a fixed and movable hook for the reception

of the lea, and an indicator plate with index finger. When
the lea is put upon the hooks, the bottom hook is wound
down by the hand-wheel, A, adapted also for power, and as

the strain upon the yarn increases it is registered by the

index finger upon the plate. Immediately breakage occurs

the pointer ceases to rise, and remains fixed at the highest

position attained, which shows the weight in lbs. at which
it has broken. This system gives the experimenter the

average strength of 120 threads which are contained in

the lea. It is a useful guide for rough approximations

to the quality of yarns, but as in the processes of manu-
facture they are never subjected to such aggregate tests

it is not a reliable one. It is shown in fig. 204.

It should be noted that the only true test of strength

quality is that of a single thread, as it is to the units that

the strain of actual work is applied, and this can only be

effectively applied in actual work. It will thus be obvious

that every new yarn should be carefully watched until it

has established its reliability.

Conditioning of Yarns.—In all cases a yarn receipt-

book should be kept, in which entries should be made of

all parcels of yarn coming to hand. It should possess

columns for the entry of the mark of the spinning, the

gross, tare, and net weights of each package, the date when
received into stock, and the nominal and actual counts.

The store-room should be cool and dry, but not exces-

sively so, as this would not improve the quality of the

yarn. When the yarn is taken out of store for use it

ought to be weighed again, in order to ascertain how much
weight may have been lost by the evaporation of moisture.

The store-room may thus usefully be made a conditioning-

room. The quantity of water cotton yarns naturally con-

tain is about 8J per cent., this differing according to the

hygrometric condition of the atmosphere. Any excess of

moisture over this average should be claimed for, and, ifnot

allowed, the spinning in which it occurs ought to be avoided.
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CHAPTER XIII.

The Processes of Manufacturing.

Definitions : Winding ; Warping ; Sizeing ; Drawing ; Weaving.
—Peculiar system of paying winders ; rates of wages.—Details of

work ; careful supervision required.—Winding weft yarns on pirns
;

pirn machines, illustrated.—Multiple yarn winding.—Proportion

of winding spindles for looms.—Warping
;
points to be regarded

;

the weighing of beams.—Proportion of machines for looms.

—

Sizeing ; its great importance ; ball-warp sizeing ; cylinder, and
air-drying machines ; important points ; bad work

; good work

;

proper drying; piece-marking; risks of loss accruing.—An im-
proved piece-marker, illustrated.—The beam presser, illustrated ;

its advantages.—Drawing and twisting-in described.—Proper
storage of beams, and healds and reeds.—Weaving ; its chief

essentials good weavers and good machinery.—The "gating" of

new looms ; requisites.—The tackler's bench.—Pickers, and how
to season them.—Testing a new loom.—The shuttle and its im-
portance.—The setting of the various parts of the loom.—The
warp shed.—The pacing of the warp ; the rope.—Simple and com-
pound levers.—Hopwood's improved pacing motion.—Combined
beam pike, ruffle, and flange.—The ordinary taking-up gear ;

details of a common dividend.—Pickles' and Sagar's gear ; their

advantages.

—

The Warehouse : the plating machine, illustrated.

—Making-up.—Bundle pressing; improved bundle press, illus-

trated.—Delivery of the cloth.

AFTER the exposition already given of the develop-

ment of the manufacturing processes from the primi-

tive art of weaving, and of the series of machines employed
therein, from the simplest form of the original handicraft

loom to their present degree of comparative perfection,

accompanied as it has been by a clear statement of the

function of each machine and every part thereof, from
which it is hoped that the reader will have gleaned a

thorongh comprehension of their separate and joint pur-

poses, the description of the processes in which they are
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employed, will not require to be dealt with in any elaborate

manner. To recall the names and meaning of each of these

to the mind of the reader, we subjoin a brief definition of

each.

Manufacturing, as ordinarily understood, consists of

five processes, as follows :

1st. " Winding."—This is the operation of transferring

yarns—usually warp yarns—from the cop or hank, in

which state they are mostly purchased, to bobbins, to pre-

pare them for the next stage. Weft yarns are reeled

preparatory to dyeing or bleaching.

2nd. " Warping."—In this stage a given number of

bobbins—generally 300 to 500—are placed in a creel, and

the threads are wound thence in parallel order upon a

large beam, to the length of from 3,000 to 5,000 yards, or

such other length as may be required. This is the plan

pursued where the slasher sizeing machine is used. Where
the old system of ball-sizeing is retained, but which is now
becoming rare, the method is different. Sometimes, and
increasingly so since the introduction of ring spinning,

yarn is bought both upon the beam and in the form of

" cheeses " or section warps.

3rd. " Sizeing."—This consists in immersing the warp
yarns in a semi-fluid composition, consisting of water, flour,

starch, and other ingredients. The object is, or ought to

be, to lay down the projecting fibres and consolidate the

threads to enable them the better to withstand the friction

and strain incident to the subsequent process of weaving
;

but this in too many cases, owing to the severity of compe-

tition, has given place to a desire to increase the weight

of the warp.

4th. " Drawing-in, looming, or twisting-in, the warp."

—This is simply furnishing the warp with the healds or

harness, to make it ready for the loom.

5th. " Weaving."—This is the chief process of the

manufacturing division of the trade, and sometimes gives

its name to the group. It is the art of interlacing threads
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in such a manner as to make a web or texture. It is

subdivided into branches—plain, twill, figure, and leno

weaving. All these arise from the order in which the

threads of the warp are opened to receive the weft or

filling which composes the cross threads of the texture.

The principles have already been fully described and ex-

pounded.

These are the principal processes ; there are several

subordinate or accessory ones. We may now deal with

them a little more at length, and from the practical

side, supplying at the same time such matter as the

plan of this essay did not permit to be put forward pre-

viously.

Winders' Taen.—It is a general custom in manufac-

turing establishments to weigh out given quantities of

yarn to winders, the amount varying with the counts.

These quantities are technically called " weighs," and
the usual method is to pay 12d. per weigh, the wages of

the winder being reckoned upon the number of the weighs

she takes during the working week, which is generally

reckoned from Wednesday to Wednesday, or Thursday to

Thursday. It will be obvious that with the lowness of

the counts, which represents shortness of length in the

yarn, and consequently less time if not work in winding,

the weight given out will be greater ; and conversely

as the counts rise, the weight to be worked for Is.

will be reduced. This principle always controls the

weight of the " weigh." The " Blackburn Standard

List," which until recently governed the rate of wages
in the Blackburn and East Lancashire districts, gives

the following as the weights of the various counts to be-

wound for 12 c?.

:
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Counts. Lb. for 12tf. Counts. Lb. for 12d
18's . . 55 38's . . . 32

20's . . 52 40's . . 31

22's . . 49 46's . . 27J
24's . . 451 50's . . 26

26's . . 421 60's . . 22

28's . . 40 70's . . 19

30's . . . 38 80's . . 16J
32's . . 36 90's . . 14|
34's . . 341 100's . . 13

36's . . . 331

These figures have been incorporated into the new
uniform list and are binding at the present time, but the

prices are subject to a reduction of 10 per cent.

Winding.—In the winding-room of a mill there is not

much that calls for remark, beyond pointing out that

every precaution should be taken to prevent the making
of an excessive amount of waste. This is the first stage

of the manufacturing process, and the defects of the yarn

are here first encountered. " Single," bad piecings, de-

fectively cleaned, and roller-damaged yarn, may always

be discovered here. The winding-room, therefore, requires

the careful attention of the manager, but complaints must
not be encouraged from the operatives, or it will be

speedily found that yarn sufficiently good to suit them
cannot be purchased. Waste in excess is frequently

produced by careless operatives, and especially by learners

skewering cops badly or entangling hanks. Too much
severity, however, should not be exercised, as this will

lead to waste being secretly carried away, or trampled

under foot, which increases the loss. Attention should be

directed to preventing the operatives making large knots

in piecing up threads, as these are frequently the cause of

breakages and defects in succeeding stages. Each winder,

therefore, ought to chalk-mark or number her bobbins, so
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that when bad work is found it can be traced to the

responsible party.

The work in the winding-room should be carefully

supervised by the winding master, as, though the opera-

tives work by piece, the method used is an inversion of

the ordinary one. The tale of their labour is the amount
of yarn delivered to them to wind, and not the amount of

work they have performed and have delivered to some one

else. Thus there is nothing to prevent the winders taking
" weighs " of yarn, and so making up a good week's wages,

without having performed the work for which they receive

them, except the strict supervision of the person in charge,

whose duty it is to prevent this. If this is neglected there

is risk that some of the winders may accumulate yarn

upon and about their part of the machine and receive pay
for it before they have wound it. Such accumulations are

always a temptation to get rid of it by improper means,

which should never be permitted.

In establishments in which different counts of yarn are

used, care is required that these do not get mixed. The
only way to avoid this is to have the bobbins painted

different colours : one colour for each count, that these

colours should not be departed from, and that they should

not be allowed to get mixed in the working.

In the class of manufactories to which our remarks
mainly apply, single yarn warps are almost invariably

used, and therefore single yarn winding from the cop, or

bobbin, or rewinding from the hank to the warper's bobbin

is the only class of winding in use. Reeling for bleaching

and dyeing purposes has been described in a preceding

chapter.

In places where white or coloured yarns are used for

wefts, the rewinding from the hank after bleaching or

dveing calls for a few remarks. The yarn in this case is

wound upon pirn bobbins, which are coned at the top in

order to allow the yarn to be drawn off at the top when
the bobbin is placed in the shuttle. Of course pirn bobbins
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are made of the proper dimensions for that purpose, so

that when filled with yarn they may not exceed the

capacity of the shuttle to receive them. There are several

types of pirn winding machines, of which we give illustra-

tions. In fig. 205 is shown a cup machine equipped for

winding pirns from cop yarn on the left-hand side of the

machine ; from hanks in the centre ; and from winders

bobbins on the right. These several methods are called

into requisition in different establishments, but rarely all

in one. The student must not erroneously conclude that

all the different methods are usually combined in one

machine, it being rare that they are arranged for more
than one, or at most two. This frame of course would
wind equally well from ring frame bobbins. It receives

its distinctive name of a cup-winding machine, because it

has a cup or hollow cone, the cone being point downwards,
in which to receive the pirn for filling. This inverted

cone practically constitutes a mould, in which during

winding the cone of the pirn is formed. The details of

the cup machine are fully shewn in figs. 206, 207 re-

spectively, shewing end and side elevation, and method of

gearing. Another type of pirn winder is termed the disc

machine, so named from the use of a revolving disc plate

with a bevelled edge, which, being placed in contact with

the pirn bobbin, causes it to revolve and form a cone as

before.

In other branches of the trade somewhat distant from
that under review, twofold, threefold, or quadruple yarn
winding is required. In these the winding process becomes
more complex, and requires more care and skill to insure

satisfactory results. Special machines, too, are called into

requisition. These are much more intricate, and are fitted

with ingenious arrangements to insure the winding of the

two or more threads at absolutely uniform tensions, and
also to instantly stop a bobbin when any single thread of

a series being wound upon it breaks or becomes exhausted.

Where doubling or multiple yarn winding occurs it is

E E
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accompanied by the process of twisting, which is done on
special machines constructed for the purpose. They are

mostly of the ring-spinning machine type, but are without

the drawing rollers. These, however, are too far away
from the main topic of this essay to admit of further

notice.

To return to single yarn winding : The number of

winding spindles required for a shed of 500 looms will be

from 600 to 900,, according to the class of work upon

Fig. 206.—Cup Winding Machine.

which it will be engaged. If the looms are making cloths

containing from 15 to 20 picks per quarter inch, the

smaller number will suffice. If, however, only from 6 to

15 picks are usually made the larger number will be

necessary. The machines usually contain 300 spindles

each, but are made to order of any size required. The
speed of the spindles per minute is about 1200/1400
revolutions. The rate of the winding, however, varies all

through the filling of a bobbin, being at its lowest when
the winding surface is at its smallest diameter. The actual

winding capacity of a machine will be obtained from the
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revolutions of the spindle, and the mean diameter of the

bobbin. From these particulars the manager will soon be

able to calculate whether the capacity of the machines is

equal or not to the requirements of the looms.

A strict watch should be kept upon the amount of

waste produced in this department. To ascertain the per-

centages, the waste of the week should be carefully bagged

in bags of which the tare weight has been taken. The

total weight should then be ascertained. To this two

•L@=ft re

Fig. 207.—Cup Winding Machine.

ciphers should be added, and this sum used for a dividend,

the division being the weight of yarn weighed out to the

winders during the same period. This will show whether
the yarn is unduly wasteful or not. Of course the pro-

duction of waste from each winder must be carefully

examined, and all tendency to make an excessive quantity

be checked. Care should also be taken that bobbins are

not overfilled, as this causes waste by the yarn slipping

off the sides. The temptation to overfill is that fall

bobbins wind the yarn more rapidly than empty ones, or
44 pieces " as partly emptied bobbins are usually called.
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These partly emptied bobbins are what have been doffed

from the creel of the warping machine. After having
been once filled, bobbins are very rarely emptied, as it

wonld seriously incommode the warper in " creeling " or

refilling her machine with bobbins were this done.

The important point to be regarded in pirn machines is

that they shall not glaze the yarn in the frictional contact

that occurs, as this has a bad effect upon the appearance

of the fabric which is woven from it.

Waeping.—Warping is an important process as regards

the economical management of a mill, as considerable

waste may be made in it if care be not taken. Of late,

however, owing to improvements in the warping-frames,

much of this liability has been done away with. An im-

portant point to observe is that all the machines should,

if possible, be of one make, in order that they may register

exactly the same length of yarn, and thereby prevent

waste with each set of beams when finished in the sizeing-

frame. Should any inaccuracy or difference exist between

the register of these machines, one beam will be finished

before the remainder of the set, or will contain a quantity

of yarn when the others are finished, in either case entail-

ing the necessity of pulling all the yarn off the beams re-

maining after the first has been finished, and throwing it

into the waste bag. It frequently happens that several

pounds of yarn are lost in this manner which could easily

be prevented if proper means were taken. There is, how-

ever, a still more important point to be observed in con-

nection with warping, as it is in this process only that loss

can be prevented. In an establishment which accepts

small orders of cloth, and makes many varieties, great

difficulty is often experienced in making the exact quanti-

ties. The consequence is that either too many or an in-

sufficient number of pieces are made, but mostly the former.

As merchants generally refuse to take those made over the

order, a great quantity of odd lots accumulate on the hands

of the manufacturer, which have to be sold at a con-
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siderable sacrifice as "job lots." With the reduced pro-

fits that have been current for a long time, it will be

obvious that the loss accruing upon these remnants of

orders will considerably diminish the amount of profit

upon the original one. With proper instructions and careful

management there ought to be no difficulty in warping

exactly the required length of yarn to suit any order ; and

the principal or the manager should probe every case of

failure to the bottom, and see that those through whose

neglect it occurred have the fact brought home to them,

and be made to feel their responsibility.

The warping-machine beams should every one be care-

fully numbered and weighed, and the weights painted

upon the flanges. A printed table of the weights of

given numbers of " wraps " of different counts of yarns

should be hung up in the room, and every full beam
when doffed should be weighed, the weight chalked upon
the flange, and compared with the calculated weight upon
the table. This will show whether the yarns being pur-

chased are true to their counts or not, and this will be the

most effective check upon this important point. Where
yarns are purchased from different mills it is highly neces-

sary to see to this. It has also another important use

:

that of helping to keep the cloth of the right weight, as

by this means sets of beams for the sizer can be made up
of the right weight instead of, when no such care is taken,

some sets running from 5 lb. to 20 lb. heavier than they

should be, and others as much too light. These differences

will be greatly increased after the sizeing process, the

heavier yarn absorbing more size than it ought, and the

lighter yarn less. The result will be great irregularity in

the weight of the pieces of cloth, which no regulation by
means of changing the counts of wefts will effectually

correct. Trouble with the merchant will follow. All this

may be avoided by care.

In a mill such as we are describing, containing 500
looms, five beaming machines, or one for every 100 looms
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would be a proper complement. Should the work, how-
ever, be of lighter than average character, it would be

well to have six or seven machines of a capacity of 500
ends each. A full description of the mechanism of this

machine is given in a preceding chapter.

Sizeing.—This process in a manufacturing establishment

is the most important of all. Though there are compara-
tively few operatives engaged in it yet more than half

of the material consumed passes through their hands.

Upon their efficiency and the careful performance of their

duty depends to a great extent the success of the pro-

prietors. The faults that either from neglect, inefficiency,

or carelessness may arise in this department are very

numerous and ought to be carefully guarded against,

as their presence or absence may have much to do with

rendering the fabrics produced either acceptible or other-

wise in the market. It will be worth while to consider

the process in brief detail, as if all is well managed here

the subsequent operation of weaving is almost sure to bo

free from difficulty. We may here state that the prepara-

tion of the size—its materials, mixing, aging, storing, de-

livery to the machines—is such an important matter that

it needs a brief chapter to itself, and will be found

subsequently.

We exclude from notice the old system of ball-warp

sizeing as a decaying one, and one which is generally

carried on away from the manufacturing establishment, by

people who make it a separate business.

The sizeing machines now generally used are of two

kinds, the most common being the cylinder machine,

so called from containing one or two cylinders, generally

the latter. In this machine the yarn, after passing

through the size, is carried round the surface of the steam-

heated cylinder in order to dry it before it passes upon the

loom beam. In the second form of the machine the yarn is

dried either by hot or cold air. In this place it is not

necessary to examine the respective merits of these two
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forms of the sizeing machine, or detail the reasons which

lead us, in common with the generality of the trade, to prefer

the cylinder machine.

In the process of sizeing, the first point to be noted

is that the yarn should not be subjected to strain at any

part of the operation. The beams in the creel should turn

or deliver the yarn to a very slight pull, and yet when the

draught ceases should instantaneously stop, so that no

slack should be made which would permit the yarn to

run into " snarls " or kinks that might not be easily drawn
out again. In order to prevent these it is usual to place

a small roller across the yarn at a point near the size-box,

which is fitted at each extremity into vertical-grooved

brackets so that by its descent it can take down the slack,

and so prevent their occurrence. Over the neck of each

beam there should be a light pacing arrangement, consist-

ing of a narrow leather band fixed at one end to a projec-

tion from the bottom of the frame, and thence carried over

the neck, and having a small weight attached to the end.

All the different working parts of the machine should be

driven positively and not by the drag of the yarn upon
them, and all the parts should be kept properly lubricated.

Any strain is liable to destroy the elasticity of the

yarn which ought to be carefully preserved to be available

in the weaving process, in which the warp is usually sub-

jected to a considerable strain. Yarn which is preserved

from this strain in the sizeing process weaves much better,

makes better cloth, gives a larger production, and owing
to its greater freedom from faults commands a better price

in the market. This is particularly the case when the

fabric is intended for bleaching, printing, or dyeing.

One source of mischief in sizeing lies in over-drying.

Cotton, which is a vegetable down, is covered by a natural

gum which by excess of heat is liable to become hard,

rendering the filament brittle. The same effect may spring

from the baking of the size. The subsequent absorption

of moisture from the atmosphere does not repair the injury,
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as neither the wax covering of the filament nor the size

dissolves again, or certainly not to a sufficient extent to

enable the material to re-absorb moisture from the atmo-
sphere sufficient to soften it for weaving properly.

One essential of good sizeing is uniformity. In an order

for any particular cloth the warps should be throughout
sized alike, whether the sizeing be done in one machine or

a number. To accomplish this, after the size has been

properly mixed, and has passed through all the successive

stages of preparation, including boiling, that are deemed
requisite, and is ready for use, it should be kept in a state

of constant agitation so that it may be of uniform con-

sistency when fed to the machine trough. The size in the

latter must be kept at one level, so that the yarn in passing

through it, may be always immersed to the same depth, and
for the same length of time. This can only be maintained

by an automatic feed tap for the sizeing trough. The size

in the latter should be kept constantly boiling to prevent

its heavier portions being deposited. After a stoppage of

the machine for the day or meal hours, steam should

be turned into the chamber, and the size be allowed to boil

several minutes before the frame is re-started. The speed

at which the machine is worked should also be as unvary-

ing as circumstances will permit, and when working upon
one order all the machines should run at the same rate.

Whatever be the system of sizeing employed, care should

be taken to have the warp properly dried. When it is

run upon the beam insufficiently dried there is great

risk that before it can be woven through it may be

damaged by mildew, sometimes to such an extent as

to render it unfit for anything but waste. Where anti-

septics are used this risk is diminished or obviated.

Much inconvenience and annoyance, and sometimes loss,

arises from carelessness in marking the warp. It should

always be seen that the marking-bowl is working properly

and is provided with sufficient colouring matter. The mark
should not be allowed to become too pale, because the
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threads of the warp when passing through the healds being

widely separated the mark becomes invisible and is fre-

quently woven in without being noticed, and perhaps

without an important heading, through the absence of

which the piece is rejected. When a mark is too heavy,

or runs into a long trail, it facilitates fraud by the weaver,

who may draw the warp down as far as the trail extends

or to the duplicate mark made by the offsetting of the

proper mark, with greatly diminished risk of detection

Fig. 208.—Improved Marking Motion.

and so make the piece too short. A very excellent mark-
ing motion is the Hitchon patent made by Messrs. Howard
and Bullough, Accrington. The following is a brief

description with illustrations. The motion consists of

three bowls geared together and operated by one driver,

and constructed and arranged in such a manner as that

when the centre one comes up a single mark shall be

struck, this being intended to indicate the mid-length or

middling mark, as the case may be. For heading or

cutting-out marks, a double mark will be made by the

two outside bowls being struck by the hammer. Along
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the space left between these it is intended that the weaver
should cut the cloth, thus separating one piece from another.

The marks are made when the bowls present their flat

sections to the stroke of the hammer, the rounded portions

not being prominent enough to come into contact with the

yarn when the hammer strikes. The hammer is con-

PLAN

Fig. 209.—Improved Marking Motion.

structed with three faces to meet the requirements of the

change. These various points are illustrated in the

accompanying elevation and plan, figs. 208, 209.

Should any of these points be neglected the result will

be unsatisfactory; the warps will be too hard or too soft, too

heavy or too light, leading to great difference in the weight,

appearance, and feel of the cloth. So great is this differ-

ence at times that when the cloth is delivered to the mer-

chant and examined by him, his suspicions are aroused that
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the quality of the cloth contracted for is being tampered
with, and deteriorated to his injury, when, in fact, the

mischief springs only from carelessness and unskilfulness

in the manufacture. But the dissatisfaction thus arising

gives the merchant at home, or his customer abroad,

a plausible excuse for heavily mulcting the maker in claims

for abatements or in making rejections.

Every sizeing machine should have the beam presser as

an attachment. This enables a greater length to be put

upon the beam, which is economical. It also preserves

the beam in better shape for the loom, and thus makes
better cloth. Where the presser is not used, the beams in

Fig. 210.—Improved Beam Presser.

being carried about frequently have their cylindrical form

injured, by which the shedding of the warp in the loom

is afterwards rendered defective, and inferior work pro-

duced. The presser consolidates the yarn as the succes-

sive layers are run upon the beam. The result is that

much more length can be put upon them which is econo-

mical, whilst being made hard the beam preserves its

shape better in handling. Our illustration shows an im-
proved presser made by the firm just named. The presser

consists of two lines of rollers, the one in front being

made in two parts and tubular. This is mounted on a

solid internal axle so as to be capable of expanding, the

length over all being a little less than the width between
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the flanges of the beam. This roller is mounted on anti-

friction bowls carried in a suitable framing, bat instead

of the bowls having their axis parallel to that of the roller

they are placed obliquely in swivel brackets which are

capable of changing their position automatically. In

whichever direction the peripheries of the bowls present

themselves to the tubular rollers, the latter move towards
or from the flanges. The back roller which is not an
expanding one has its bearings formed so as to compel it

to maintain a central position and thus to press the beam
in the middle portion left when the front rollers have

moved outwards. The general appearance of the presser

is shown in fig. 210.

Drawing and Twisting.—Drawing and twisting are such

simple operations as to call for little more than a brief

description.

Drawing, or drawing-in, is the name given to entering

the warp into a set of healds which is done by an operative

called a drawer-in, which may be a man or a woman.
The process is as follows : The set of healds is suspended

either from the roof or held up in a frame. Behind the

healds the loom-beam with its warp is arranged parallel

to the healds. The " drawer " takes his seat in front of

the healds, and being provided with a single or double

hook (the latter two hooks in one handle) for the healds,

as the work may require, and a flat bone hook for the

reed, he pushes the double hook first through two healds

to the opposite side. There an assistant, a boy or girl,

takes the first two threads from the warp and places them

into the hooks, the drawer then drawing them first through

the two healds, and next together into one dent, or split,

as it should be called, of the reed. The child assistant is

called the drawer's " readier," because he "reaches " the

threads to the hooks. This process is repeated until the

whole warp is entered, when the task is completed, and

the warp is ready for the loom.

A set of healds, however, if all goes right with them,
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will weave from four to seven or eight warps. The

second and subsequent warps, however, are not " drawn "

in, but " twisted " in. This is a different way of effecting

the same end. When the first warp is finished, instead

of being cut out of the healds, the cutting is made through

the end of the piece of cloth, thus leaving a " tab," which,

on its side, holds all the threads of the finished warp in

proper position. The "thrumbs" or waste end of the

warp are next cut off on the opposite side, and either

utilized by the weaver as thrumbs or passed to the waste-

bag. The portion remaining in the healds is then tied up

in several knots, so as to prevent any being drawn out.

Thus the " set of healds and reed " are ready for the re-

ception of another warp, or for storing away until required.

In the former case they are suspended in a frame, and

arranged opposite another weaver's beam containing a

warp. The " twister-in," man or woman, then takes a

seat between the beam and the healds, ties a given number
of threads from the warp into a knot, then does the same
with a similar number of those in the healds, and puts

both sets of knotted threads into a peculiar shaped hook,

called a twisting or looming hook. This done, he adjusts

the tension evenly between the two sets, and with his left

hand separates the nearest warp-thread from the bulk,

and with his right hand the corresponding thread in the

healds, with the same hand skilfully bringing the ends of

the two threads together, he breaks them from their re-

spective knots over the knife-edge of the hook, and deftly

twists them together sufficiently firmly to enable them to

be passed through the healds. In order to facilitate this

process, both the warp and the yarn in the set of healds

are furnished with a set of " lease " rods ; or otherwise

the warp has a lease "struck " by a comb. The new warp
is thus entered or " twisted-in." This system is resorted to

because it is more economical than repeated drawing-in.

In the days of hand-loom weaving and the early days of

power-loom weaving both these operations were done in
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the loom, and hence were indifferent]y termed " looming "

the warp, which might be either by drawing or twisting.

The name of "loomer " is commonly given to the twister

in the East Lancashire weaving districts to this day, bnt

it is no longer strictly appropriate.

It is only needfnl to say further that the stock of filled

beams should be so arranged that no damage should

accrue to them before being taken to the looms. This is

best insured by the use of the beam rack. This rack also

admits of any beam of the lot being taken out without

disturbing the others. The old method of making a pile

upon the floor is objectionable, because by so doing the

cylindrical form of the beam is crushed, and this tends to

injure the shedding in the early stages of its weaving.

Healds and reeds should also be provided with racks in

a dry room forming a store, where they should be assorted

carefully, instead of, as is too common, being permitted

to lie in heaps upon the floor, liable every moment to get

entangled, broken, or otherwise injured. Before being

put into store, reeds should be examined and repaired

in order to be ready for use when required.

Weaving.—This is practically the final process of manu-
facturing, and has been sufficiently described in the pre-

ceding pages. The chief essentials are first—good ma-
chinery ; and, second, a good class of weavers. Where
either one or both of these are wanting it is difficult to

attain good results. When delivered from the makers new
looms formerly required careful adjustment by a person

having a practical knowledge of weaving greater than the

fitters in a machine shop. In the looms now made by our

best makers, however, owing to the special methods of

production and finishing, and the care exercised in each

department, it is rendered difficult for the fitting to be

otherwise than right, hence it is seldom necessary now
to spend much time or labour in "gating." The best

tackier or overlooker should be selected for " gating," as

it is called. An economical consumption of power, oil,
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strapping, etc., along with the production of a large

quantity and a good quality of cloth greatly depend upon

this being well performed.

The tackier intrusted with "gating" new looms will

require his usual equipment of a bench, containing a few

small drawers and a cupboard for his stores. His tools con-

sist of a round and flat file or two, screw-keys, gouge, small

drill, small and large hammer, chisel, pliers, and a strong

vice fixed to the bench. The screw-keys are, we believe,

commonly provided by the tackier for himself, and are his

own property. The materials required for dressing or

equipping the loom ready for the reception of the warp

are a driving-strap, two pickers, two picking-bands, check-

strap and ends, two stud-straps, and four heald-roller

straps. These straps or bands are all of leather, and of

their sorts should be of good quality. The pickers are

made of animal hides, differently prepared from leather,

not having been subjected to the tanning process. Of
course a pair of shuttles must be supplied.

Pickers should consist of as few pieces of the material

as possible, and be thoroughly well put together. The
work they have to perform, that of throwing the shuttle

from side to side, is very severe, and unless they are well

made of good material, and well seasoned, they become an
exceedingly costly article in their wear and tear. They
are received from the makers in a hard, tough, dry con-

dition, and should be stored in a thoroughly dry place

before being put to season. They are seasoned by steeping

in good oil, in which they should lie two or three weeks,

or even months would be better. When removed from
this bath they should be hung up, to drain away all super-

fluous oil. If this be neglected, the oil will fly out of

them when at work and stain the yarn or the cloth.

When a new loom has thus been equipped, it is usual
to let it run for a few hours without warp, but supplied

with a reed and a shuttle. By doing this any defect is

detected, and the parts settle down to their work without
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risk of any damage to the warp or cloth. When this has

gone on long enough to obviate such risk, the loom is

supplied with a warp, given in charge of a weaver, and
its course of commercial industry commences.

The shuttle is an important part of the loom furniture,

which in consequence of its severe labour, quickly wears

away on three of its surfaces^-both sides and the bottom.

When it has become worn on the bottom, the cavity for

holding the cop becomes reduced, often to a point beyond
which it ceases to be an economy to retain the shuttle

in use. The cop protrudes on the bottom side, and its

friction upon the warp causes frequent breakages of both

the warp and its own thread, besides a great deal of waste

by breaking the cop. The condition of the pins which re-

tain the shuttle-peg in position, should be kept good,

as this has much to do with preventing weft breakages

making good work, and securing a large production. The
pegs should be kept firm in their proper position in the

centre of the cavity of the shuttle. When the grooved

side of the shuttle is worn, it should be renewed, which

can easily be done by means of a round file of proper

dimensions. The best wood for making shuttles is box-

wood, but the diminishing supply of this wood, and its

advancing price, has compelled resort to other hard-

textured woods. Compressed woods have also been suc-

cessfully introduced for shuttle purposes.

Shuttle boxes should be carefully set for the reception

of the shuttle, so that it will get home without being

knocked from side to side, whereby it suffers serious

damage, the wear becoming excessive. The setting of the

picking cone and position of the bowl on the picking shaft

has also much to do with securing a good pick, the points

to be observed being that the pick should be of proper

strength for the width of the loom, and in proper time for

the shedding motion. The warp should be adjusted in the

loom, so that a minimum of strain and friction shall fall upon

it. In shedding, the heddles should not be tied to go
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higher than will give a clear passage for the shuttle, nor

lower than the inclined plane of the slay forming the

shuttle race. In either case it will be subjected to un-

necessary strain, which will cause breakages of the threads,

impairing the quality of the cloth, and diminishing the

production.

The letting-off or pacing of the warp is an important

matter, for where this is defective the cloth produced

cannot be good ; it will be either slack, strained, or

uneven. Many attempts have been made to perfect the

pacing arrangement, but it is questionable whether it

is not still open to further improvement, especially for the

lighter classes of fabrics. For different purposes different

forms are preferred by scientific aud practical manufac-

turers. For the ordinary work of the cotton trade the

rope or chain, and simple or compound levers, generally

suffice. To insure that the chain should not cut into the

necks of the beam, these should be covered with metal

collars or ruffles as protectors. They also form a smooth
surface, giving uniform friction around their circumference,

thus greatly assisting to produce uniform cloth.

A deal of trouble sometimes arises from the pikes of

the beam ends coming loose and working out. This is

difficult to remedy completely, and it usually means that

the beam to which it occurs has to be discarded. There

has, however, just been invented a combined pike, raffle,

and flange, which promises where adopted to obviate most
of the troubles arising from this matter.

The taking-up gear of a loom is a most important

matter. The ordinary system consists of a train of gearing

actuated by a small horizontal lever, which operates a

pawl engaging with a rack wheel containing 50 teeth.

On the stud of this is fixed a change pinion varying in

the number of teeth with the requirement. This pinion

gears into a carrier or stud wheel, having 120 teeth. On
the boss of this wheel a pinion of twelve teeth is cast,

which gears into the beam wheel fixed on the axis of the

F F
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taking-Tip beam which is operated by it. The circum-

ference of this beam is 15 inches. The number of teeth in

the driven wheels by this system are multiplied together,

when the total thus obtained will form a dividend ; for

this a divisor will be obtained by multiplying the driving

wheels, and the circumference of the taking-up beam in

quarter inches. In this case it is simply the fixed pinion

wheel of twelve teeth multiplied into the circumference of

the roller 60 quarter inches. Put in another form it will

stand thus

:

Rack Carrier Beam
wheel. wheel. wheel.

50 x 120 x 75
= 500.

7-515 x 60 add
Pinion
wheel

Circum-
ference of

for con-
traction.507-5

beam in 4- in.

Thus we see that 500 is the calculated dividend from this

system of gearing. When, however, the cloth is removed
from the loom, and relieved from the tension under which
it has been woven, a certain amount of shrinkage takes

place, which experience has shown to be 1~ per cent.

This is compensated for by adding If per cent, to the

theoretical dividend just obtained of 500 + 7*5 = 507f.
The half is disregarded, and the 507 taken in common
practice. When it is desired to make a cloth to contain a

certain quantity of picks per quarter inch, the number of

picks wanted is used as a divisor, in order to obtain the

change wheel. Thus suppose a 15 pick shirting is required :

then 15 -+- 507 = 33 -j- 12. Here we see the remainder,

12, is more than half the divisor, and in consequence a

34 change wheel would be adopted. On these systems of

gearing it is very rare that net results arise, and it there-

fore becomes a question on which side the balance should

fall. It hardly needs telling that self-interest inclines the

scale in favour of the clothmaker, and that he prefers to

take half a pick to giving a quarter.



THE PROCESSES OF MANUFACTURING. 435

To meet these difficulties several improved systems of

gearing have been invented, and have come extensively

into use. Two of these were invented in Burnley, namely,

Pickles' and Sagar's. The former has come most into use,

though the merits of the latter are as great if not greater.

Pickles' gear has a swing pinion of 24 teeth additional to

the above gearing, and also requires a second change

wheel to get its results, which are very good.

Sagar's taking-up gearing was invented by the late

Thomas Sagar, loom maker, Burnley, whose long illness

and death prevented its merits becoming widely known.
This system contains the same number of wheels as the

ordinary one, but the functions of two of them are

changed. The change wheel of the former becomes a

permanent wheel of 24 teeth in this, and the carrier wheel

is made into the change wheel. This will give quarter

picks. The result is remarkable, for any pick or fraction

of a pick can be accurately obtained in halfs, with twelve

teeth, quarters as above, eighths with 48 teeth, or six-

teenths with 96 teeth, and finer subdivisions if wanted,

which of course would never be needed for practical work
beyond quarters or eighths.

This system offers a great advantage in its power of

dividing the pick into fractions, not only because it will

prevent disputes as to cloths containing the proper number
which can be given with the greatest accuracy, but also

the same accuracy will guarantee the most uniform results

in the finishing of cloths, preventing differences of appear-

ances that under the old system beget suspicion and dis-

putes as to whether or not an order has been honestly

executed. The economy resulting is also worth considera-

tion as a merit.

The Warehouse.—There is little call for the use of

machinery in the warehouse of a cotton manufactory. Two
machines, however, are now almost invariably found in them
at the present time. These are the plating machine and
the bundle press. The plating machine is to displace the
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method of hooking by hand which is often objectionable

because of the damage done to the cloth, caused by the

perforations made by tbe hooks in the selvage. The
plating machine, which is illustrated in fig. 211, as will be

seen, consists of a strong iron frame. Inside the frame

is a folding table, not flat, but constructed to form an

arc of a large circle. This is arranged to move vertically

up or down, and is guided by eight anti-friction bowls,

two at each corner of the machine. Across the front and

back, extending from one side of the frame to the other,

is a grip rail or retaining bar, the under surface of which

is clothed with strong card. The folding table is forced

easily and constantly against the grip rails by means of

pressure or balance springs, so that its top is always kept

up to these rails when cloth is not intervening. The same
influence holds the cloth in that position. The grip rails

swivel on centres. They are actuated by a pulley or bowl
carried on the side-arm, which, as the plaiter or folding-

blade oscillates from side to side, comes into contact with

inclined planes, and so alternately raises the rails. After

the fold of cloth is laid, and the plater has passed away,

the grip rails are pulled down by springs. The function

of the plater is to lay the fabric upon the top of the table

in folds in a straight and even manner. It is carried upon
side-arms arranged outside the frame, and pivoted upon a

bar extending across the middle of the frame at the

bottom. The plater is a compound blade suitably curved

for the purpose, and joined at each end, having a space

left between its two edges. It is operated by means of a

crank and arm of large sweep at the driving side, which
is easily adjusted to make different lengths of a plate. In
front of the machine there is usually a wooden box for the

reception of the pieces of cloth. Taking the end of one of

these the operative in charge passes it between the blades

of the plater, secures it under the front retaining bar, and
starts the machine. The plater then sweeps over the top

of the table, carrying the cloth with it, which it presses
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under the back retaining bar, by which it is held. Having
completed its outward movement, it commences its return

when its second blade comes into operation, and carries

the cloth back to the other side, which it delivers to the

front retaining bar, and thus forms a second leaf in the

series of folds that are required for a piece. Owing to its

peculiar mounting, the blades of the plater are swivelled

to an appropriate position when approaching the retaining

bars. The process is thus continued until the whole piece

has gone through. As the folded piece increases in thick-

ness the surface of the table is pressed downwards corre-

sponding to the requirement until the piece is finished.

The operative then, by means of a foot lever, depresses

the table until the cloth upon it is clear of the retaining

bars. At this position it is held by a detent, until the

piece is withdrawn, and the end of another placed in the

machine, when the work recommences.

The folded pieces from the hooking frame or the plating

machine are thrown in a pile upon a large bench for the

" maker up," a young man, who folds and assorts them
according to their description, then ties them up in

bundles of three, five, ten, or more pieces, as the case may
be. If it be desirable that they should be pressed they

are next carried to the cloth press, which may be a hand,

steam, or hydraulic press. All of these are in use accord-

ing to the requirements of the respective works. The
press worked by hand is both slow and deficient in power

;

the steam press is quick in action, but for some work does

not give pressure enough ; the hydraulic press gives abun-

dant pressure, but requires more time than is always

available, so an improvement to meet the requirements of

manufacturers has been invented.

In fig. 212, we illustrate an improved bundling press.

In the arrangement of this press the table remains per-

manently in one position, and the pressure is brought

upon the cloth by bringing down the top. This is accom-

plished by a small cross-shaft carrying the driving-pulleys.



Fig. 212.—Improved Bundling Peess.
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This shaft carries a level wheel gearing into a similar one-

on a longitudinal shaft. At the ends of this shaft are

worms gearing into the quadrants, one of which is seen

on the right of the illustration. The quadrants are right

and left handed, so that they move outward and inward at

the same time. Mounted upon the quadrants are connect-

ing levers, so arranged that the action of the quadrants

cause them to press upon arms attached to and extending

inwards from the pillars, upon which the press top is

mounted. The quadrant levers are so arranged as to

bring very great pressure upon the pillars, by which the

top is brought down very rapidly, compressing the bundles

much more tightly, and very much more quickly, than

can be done by any of the older types of presses. This is

a great advantage, enabling the work to be got through

much more quickly than before. To further accelerate

the performance of the work there is a second pair of

driving-pulleys, of half the diameter of the first. These

are used for rapidly returning the top to its first position,

when the pressing of a bundle has been completed. The
larger ones are for bringing the top down upon the bundle.

The handles for slipping the belts upon the pulleys are

conveniently placed for the attendant. The top can be

easily adjusted to the requirements of any size of bundle

by means of the chain wheels upon the pillars.

There now only remains to despatch the cloth to the

agents who may commercially handle it, or the merchant

who may have purchased it. This is the stage at which

the woven fabric usually passes out of the control and

dealing of the manufacturer, and so naturally closes our

journey with it through its various stages of production.
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CHAPTER XIV.

Sizeing Materials and the Manufacture of Size. .

The importance of size mixing,—The construction of cotton

yarns.—The necessity and purposes of sizeing.—Organic and in-

organic materials used in the composition of size.—The chemical
composition of wheat flour.—Rice Hour.—Maize flour.— Sago.

—

Corn starches.—Farina or potato starch.—The harshness of the
sizeing materials, and the necessity of introducing softening mat-
ters ; chloride of magnesium.—Heavy sizeing and mildew; legal

responsibilities of the manufacturer.—Antiseptics ; chloride of zinc,

—Four prominent facts in sizeing.—Organic softening ingredients.

—Tallow.—Palm oil.—Coco, castor, and olive oils.—Glycerine.

—

Irish moss.—Soaps ; their composition, value, and uses.—Inorganic
substances for weighting, deliquescent, and antiseptic purposes.

—

China clay ; its origin, preparation, and chemical composition

;

qualities.—French chalk and terra alba.—Chemical salts : Epsom,
Glauber's, and sulphate of baryta.—Deliquescents and their pur-
pose.—Chloride of magnesium ; its manufacture.— Care required
in its use.—Chloride of zinc ; value as an antiseptic.—Its chemical
nature and manufacture.—Other antiseptics best avoided.—The
blending of size ;, careful and thorough study of it wanted.—The
progressive development of sizeing.—Mr. James Eastwood's in-

ventions.^—The mechanical size mixer and boiler of to-day.

—

Automatic drawing of the size.—Effectiveness and value of 'the
mechanical size mixer.—Light, medium, and heavy sizeing, per-

centages of weight, and the cloths for which they are used.

—

Recipes for. size mixings.—Weight in lb. of a gallon of chloride of

magnesium, zinc, and water.—How to mix sizeing ingredients.

—

The steeping of flour.—Mixings for bleached and dyed yarns.

—

Sizeing of bleached and coloured yarns.—Dulling of colours by
sizeing, and how to overcome it.—List of suitable colours for this
purpose.—The proportions of water in size mixings.—How size

mixings should " Twaddle."—The injection of steam weakens size.

—Size mixing plant and sizeing machines should be placed near
boiler.

IN the preceding pages a good deal has been said about

sizeing, and, the process and machinery employed in it

has been fully described. But beyond incidental refer-

ences, necessary to render clear the history of the develop--
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ment of sizeing and sizeing machinery, nothing was said of

modern size, its materials or methods of composition.

The subject, however, was deemed to be of such import-

ance that, it was thought best to devote a brief chapter to

ihe materials, composition, and treatment of modern sizes.

As a preliminary to the perusal of this it would be best to

re-peruse what has already been written upon the sub-

ject.

The warp yarns of nearly all classes of cotton fabrics

require to be sized. This arises from the nature of the

cotton down, and the mechanical structure of it, from

which the yarns are made. These filaments are collapsed

cylindrical tubes, having apparently corded edges. The
end of the filament which was attached to the seed is open,

showing its tubular structure ; the opposite end tapers to

a point, the tube closing and the filament becoming solid

before the end is reached. This solid portion is more rigid

and less manageable in spinning, it pierces the yarn, and

projecting from the surface, gives it a downy appearance.

These filaments in their different varieties range from

about i inch to 1^ inches in length. In the construction

of yarn they are placed by the different processes as

nearly as possible in parallel order. Subsequently the

mass is attenuated or reduced to such small dimensions

that on the final draughting the number of filaments in a

cross section will not exceed the quantity required to

form the desired counts of yarn. The spinning then

immediately takes places in which the filaments are twined

together upon a common axis. This causes them to inter-

lock so much as to cohere and form a continuous line con-

ventionally termed a thread. To get as much consolida-

tion as possible, warp yarns are twisted to a greater

degree than those intended for weft or filling purposes.

To any one who has examined a filament of cotton,

it will be obvious that such treatment as described cannot

possibly make a solid thread, as there must be many
cavities in it owing to the imperfect fitting of one filament
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n gainst another. It will be equally evident that, owing to

the short length of each filament, and its solid point, which

is less flexible than the collapsed tubular portion, the

former will project from the surface of the yarn, giving it

a hairy appearance. This is precisely what occurs. Used
singly and without further preparation the yarn in this

form would be quite unsuitable for warp purposes owing
to the strain and friction to which it is subject in the pro-

cess of weaving. The purpose and function of sizeing is

to more perfectly consolidate and strengthen the yarn by
filling the interstices between the filaments with a starchy

composition which shall adhere to and bind the compara-

tively loose filaments together, so uniting them that they

shall practically form one. This is the first purpose.

The second is to lay all the projecting points upon the

body of the thread so that they shall not be torn away by
the friction, the thread be weakened, and the cloth im-

poverished in consequence. There is also a third object

sought to be obtained in sizeing, which in a sense and to a

certain extent is an illegitimate one, not being necessary to

the manufacture of yarn into cloth, but arising from the

severity of competition. This is to obtain an addition to

its weight. A blend or composition of flour, starch, and
other materials, technically termed size, is the means used

to attain these several ends. It is the materials and
manufacture of this according to modern methods that we
propose to describe as briefly as possible. The selection

of the materials, the blending of them in right proportions,

the methods taken to ensure perfect amalgamation, and
the subsequent application of the size in the best manner
to the warp constitute the most important operations in the

manufacturing division of the trade.

The materials used for the composition of sizes for

manufacturing use may be grouped in two classes, organic

and inorganic. The former mainly consist of wheat flour,

rice flour, maize flour, farina, sago, and dextrine. The in-

organic materials are mainly kaolin or china clay, chloride
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of magnesium, and chloride of zinc. In addition there are

a few other matters used in very small proportions for

colouring or bleaching purposes ; these are so small, how-
ever, that they hardly need be taken into estimation in this

connection.

Wheat flour, though not always most abundantly pre-

sent, or even present at all in some cases, may properly be
termed the principal element in the manufacture of size, as

generally compounded. It is simply wheat ground down
into a very fine state, and having the bran or husk of the

grain separated from it. There are a number of varieties

of wheat, and different blends of these are made in order

best to meet special requirements. This is the miller's

task. Flour for sizeing purposes is, to some extent, a

specialty and particular attention is therefore generally

given to its manufacture. It should be white, sweet, free

from any bad odour or acidity. Starch is the principal

element in flour, amounting to about 66 or 67 per cent.,

gluten is there to about 11, and water to 16i per cent.

The remainder is made up of fats, sugar, gum, dextrin, and
mineral matter in diminishing proportions. These propor-

tions vary somewhat according to circumstances. The
starch and the gluten are the elements chiefly useful

in sizeing. Gluten is a more powerfully adhesive body
than the starch, but the latter is quite strong enough for

the purpose, and to carry other ingredients of the size with

it in any required proportion, so that it is not necessary to

specially select flours having large percentages of gluten.

Sizeing flour, when such is known to be its destination, is

liable to adulteration, the adulterant being usually rice

flour, though sometimes sulphate and carbonate of lime

are resorted to. Should size, during the course of

manufacture, not behave in the usual way, or in use not

give the anticipated results, recourse should be at once had

to the flour, which should be carefully examined and,

if necessary, chemically tested. If either quantity or

quality of the essential elements to make good size are not
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present, the size will not do the work expected from it.

This will result in bad work, annoyance, and loss.

Rice flour is the ground product of the grain named. It

is the seed of the Oryza sativa. It differs considerably

in its chemical composition from wheat flour. It has

a crisper, harsher feel than the latter, and is easily distin-

guishable from it. It contains about 75 to 85 per cent, of

starch, nearly 10 per cent, of water, and nearly 7 per cent,

of nitrogenous substances, the balance being made up of fat,

cellulose, grain, sugar, etc., in small proportions. Its

adhesive property is not so strong as wheat flour, and it will

not carry as much china clay through the healds and reed

as the latter. With suitable softeners it forms a good

light size for weaving purposes, but should not be used for

weighting with.

Maize flour, otherwise Indian meal, is the ground fruit

of the Zea Mays or Indian corn plant. It contains from

55 to 65 per cent, of starch, about 10 to 12 per cent,

of nitrogenous matters, is rich in fats, having 11*10 per

cent. The remainder is 14 per cent, of water and balance

salts and ash. It does not favour mildew so much as wheat
flour, but owing to its colour it is not much used as a

sizeing ingredient. The starch from this plant, commonly
known as Indian corn flour, is a good sizeing material.

Sago is a starch, generally miscalled flour amongst mer-

chants and sizers owing to its being sold under that name.

It is the pith of several varieties of palms, extracted, dried,

ground to powder, mixed with water and strained through

sieves. Washed and dried it forms a fine starch powder
which is imported largely into this country under the com-
mercial name of sago flour. It is used for sizeing the

better and finer classes of cotton goods. Like rice starch,

it soon becomes watery and loses its adhesive quality. It

should not, therefore, be made in advance of immediate
requirement.

The starches from the real grain flours are also used to-

some extent in sizeing. Wheat starch makes a strong,
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stiff paste, which can carry a large amount of the less

adhesive ingredients of the size. Kice starch is a fine

stiffening article, but for several reasons only meets with

a very little demand from the sizer ; it is in much more
request amongst bleachers and finishers. There are several

other starches, but they are not known in the sizeing room,

except one of them, and this is potato starch, which occu-

pies such a prominent position that it is entitled to a more
detailed description than any of the above.

Farina, or potato starch, is produced from that well-

known tuber which is such a universal article of diet

in the temperate climates of the world. The potato in its

natural condition consists of about 74 per cent, of water,

20 of starch, 2*17 nitrogenous substances, 1*65 cellulose,

1*07 gum and sugar, *10 fat or oily matter, and 1*01 ash»

In manufacturing the starch, the tubers are rasped down
to a pulp by mechanical appliances. This pulp is mashed
with cold water, the whole being received into a trough

where the starch granules being of heavier specific gravity

than water, settle at the bottom. The water is then run
off and the starch is then forced through fine sieves, leav-

ing the cellulose behind. The moist starch next has the

water extracted from it by a hydro-extractor, after which
the drying is finished by laying it, placed upon linen

cloths, upon bricks or slabs of gypsum, to dry. It is next

placed in dry rooms with a temperature of about 60 degrees,

where it yields up still more of its moisture. It is then

reduced to the state in which it is offered as a mercantile

article. *

There are several other materials in the list of size com-

ponents, but relatively they are of little importance.

Those already described compose probably 95 per cent,

of the whole of the materials used for the primary pur-

pose of sizeing, namely, consolidating the filaments of the

thread, laying upon the surface all the projecting points,

and causing the mass to adhere closely and firmly together.

Early experience amongst weavers showed that the



SIZEING MATERIALS AND MANUFACTURE OF SIZE. 447

flours, starches, and other materials used for sizeing nearly

always resulted in leaving the sized yarn hard and com-

paratively inflexible, causing far too much breakage. This

was one of the causes which led the weaver to seek damp
and moist locations for his loom, and when these were not

easily attainable, to create an artificially moistened atmo-

sphere around him by placing water under his loom, either

in the " treddle hole," or in dishes, so that the evaporating

water rising under the extended sheet of his warp should

give it the desired softness. Tallow, oils, soaps, etc., all

softening ingredients, soon followed, each being more or

less of an improvement, but all leaving a something want-

ing still to perfect the condition of the sized warp. There

were three states of the weather in which the weaver

found himself placed at considerable disadvantage as com-
pared with average ones ; these were : in the dry heats of

summer; when dry east winds prevailed; and in the dry

frosts of winter. In all these cases his warp yarn broke

much more frequently than was desirable, deteriorating

the quality and reducing the quantity of work he cculd

get through, and at the same time demanding more atten-

tion and increasing his labour. All the trouble was caused

by the abstraction of moisture from his warp. This he
wanted to counteract, and in his quest for means to do it,

amongst other things stumbled upon common salt, chloride

of sodium, the affinity of which for moisture was univer-

sally known. The stroke of genius in this case was in

discovering its suitability for, and its application as a

warp softener. It was an advance. As time went on the

sizeing process began to be used as a means of adultera-

tion, and ; more powerful softeners were wanted. The
chemist had now begun to take cognizance of the wants of

the sizer, and he came forward with chloride of magnesium.
Good again ; this seemed to have perfectly solved the

problem. Any amount of size could be put upon the warp,

and it yet be maintained in a weavable condition.

As a result of this discovery " heavy sizeing " came into



44S COTTON WEAVING.

vogue. In the manufacture of cotton cloths for export in

the grey or natural state, the proportion of cotton speedily

diminished, whilst that of flour, starch, and other sizeing

ingredients increased. But a new difficulty arose : heavily

sized goods, when they had been transported to the eastern

markets, began to turn oat in an unmerchantable con-

dition ; instead of fabrics, masses of brown, yellow, and
decayed textures were unfolded that would not bear their

own weight. The increased amount of nitrogenous matters

put upon the warp had formed an excellent soil for the

development of fungoid growths or mildew, and this had
done the mischief. At first it was thought it was acci-

dental, but its steady increase led to investigations, as

merchants found that the exportation of grey goods to

foreign markets was becoming far too risky and involved

too much actual loss to be followed. At length one or two
specially bad cases were taken into court, and claims

brought against the manufacturers for heavy damages.

The plaintiff's won the suits, it being laid down by the

judges that a manufacturer was bound to deliver goods

free from any latent defect that could not be discovered at

•the time the goods were received by the purchaser, and
that he must be held responsible for damages resulting

from its subsequent development. This settled the matter

of mildew claims, and this ruling remains law to this day.

The manufacturer had then to meet new and hitherto

unknown risks.

Again the chemist was forthcoming to help him over

the difficulty. It was discovered that chloride of zinc was

a powerful antiseptic. Half-a-dozen other articles were

also tried with success, but zinc proved itself so efficient

that everything else has been abandoned, and now little is

heard of mildew in grey cloth from any quarter of the world.

This brief sketch brings four facts prominently into

view : first, that sizeing is for the purpose of consolidating

and strengthening the yarn that is subjected to the process
;

second, that tallows, oils, and waxes, as softening anti-
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frictional ingredients, were required for keeping the yarn

supple, and diminishing the friction of its passage through

the healds and reed ; third, that deliquescent salts are

required to retain the natural moisture in the cotton fibre

under varying atmospheric conditions, and if possible to

attract more; fourth, that the before-mentioned materials

are used as the vehicle for carrying others called weighting

ingredients, introduced to improve the appearance of the

fabric, and reduce the cost of production.

The softening ingredients, which now call for brief

notice, with few exceptions range themselves under the

head of organic materials. These are animal fats
;
palm,

coco, castor, olive, and other vegetable oils.

Tallow is the fat of animals, and chemically consists of

about seventy-five parts stearine, a hard, solid fat, and

twenty-five of olein, an oil. It is extracted from the

animal tissues mainly by heat, the process being termed

rendering. The skin and tissues next have all the fat

pressed from them. The latter is then clarified by being

remelted in water, the clear fat rising to the surface, and

the impurities sinking in it. The fat drawn off is the

tallow of commerce. Russian tallow is the best for sizeing

purposes, as it is harder than most other sorts, combines

readily with the components of the size, and when on the

warp holds them with more tenacity.

Palm oil is obtained from the fruit of a palm-tree indi-

genous to west tropical Africa, whence it has been intro-

duced to the West Indies. It is one of the most valuable

exports of the West Coast of Africa. The oil has the con-

sistence of butter, is yellow in colour, mild in flavour, and
has an odour of violets. It easily becomes rancid. Its

colour unfits it for use in sizeing until it has been

bleached. But as a bleached oil it is used as a softener,

mostly in connection with sago sizeing.

Coco, castor, and olive oils are all well known vege-

table oils, but though sometimes used in sizeing, are not of

such importance as to require description.

G Q
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Glycerine is a sweet syrup derived from fats and oils,

both, vegetable and animal. It is a cheap and valuable

softening article, highly suitable for sizeing purposes, on
account of its hygroscopic properties by which it will retain

China clay upon the warp when the fats and oils would
drop it. Care must be taken not to use it in excess, or

the cloth will have a tendency to become damp to the

feel.

Irish moss is an edible marine algaa, rich in mucilage,

and sometimes used as a softener for other ingredients of

size.

Paraffin is used in sizeing cotton goods not intended to

be bleached, dyed, or printed. It is unlit for cloths intended

to undergo these processes, as it cannot be scoured out by
the usual agencies, and so practically forms a resist against

cither a bleach, dye, or print. Manufacturers who use this

article in their sizeing process should be careful to ascer-

tain the subsequently intended treatment of their goods,

and if for the above purposes should suspend its use

whilst such orders are passing through the sizeing-room,

in order to avoid complaints, annoyance, or claims for

damages.

Soaps of one kind or another very frequently form an

important element in the composition of size. They are

manufactured from animal and vegetable fats and oils,

which are combined with alkalies. They vary greatly in

real value to the sizer, as they can be made to carry large

percentages of water. This of course is of no use, and

ought not to be paid for, as it can be added without cost

from other sources. What should be looked for in sizing

soap is as large a percentage as can be obtained of the fats

and alkalies in their combined form. Good soap is valuable

in pure sizeing from fermented flour, the alkali neutralizing

the acid it may contain developed from the fermenting

process. It also dissolves the fats, and insures their more

perfect blending with the other ingredients. The cloth

made with it is soft and pleasant to the feel. . Messrs.
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Davis, Dreyfus, and Holland, in their well-known work
upon " Sizeing and Mildew in Cotton Goods," give this

caution, however, regarding the use of soaps :

"Soaps must not be used in sizeing if salts of the

alkaline earths are present, since the fatty acids of the

former produce insoluble combinations with them, which

not only render both the soap and mineral salt of no avail,

but the size becomes lumpy and filled with clots."

This about exhausts all that need be said regarding the

organic materials employed for softening the other ingre-

dients of size.

The next and last division comprehends nearly all the

inorganic or mineral substances which are introduced for

weighting, deliquescent, and antiseptic purposes.

China clay or kaolin is by far the most extensively used

of all ingredients for giving weight and body to sized

yarns. It is a natural production of Cornwall, where
extensive beds of it are found at St. Austell's Bay. It is

simply disintegrated felspar, and is obtained by directing

a stream of water against the deposit, and separating the

kaolin from the mica and grit by washing. The milky-

looking stream as it runs off is directed into tanks in which

the heavier portions and impurities which the stream may
have brought away are deposited. The water still holding

in suspension the finer matter, overflows from the first into

a second series of tanks in which the suspended mineral is

deposited. As these are filled in succession, the snow-
white mud is drawn off into still lower tanks, where it con-

denses into a stiff paste. When this stage has been reached

it is cut into blocks and exposed to the air, or is dried by
artificial heat in suitable chambers. It is then ready for

the market. Chemically regarded it consists of about
47*50 per cent, of silica; 38*50 per cent, alumina; and
12 per cent, water. The balance is made up of traces of

other minerals.

There are many qualities of this article in the market.

In purchasing it for sizeing purposes care should be taken
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to select it as free as possible from imperfectly disintegrated

portions of felspar, sand, and other impurities. The colour

should also be as white as possible, neither yellow nor
pinky.

French chalk, otherwise silicate of magnesia, and Terra
Alba, or sulphate of lime, are sometimes mentioned in con-

nection with sizeing, but that is not their chief sphere of

utility ; though occasionally used, they are better known
in the bleaching and finishing processes.

Epsom salts, or sulphate of magnesia ; heavy spar, or

sulphate of baryta; and Glauber's salts, or sulphate of

soda, are three sulphates that were more heard of as

sizeiug ingredients some years ago, when the art was
passing through the experimental stage, than at present.

They are seldom used now. The first and the last named
are principally used in this connection for the stiffening

after weaving of coloured goods such as Oxford and
Harvard shirtings. They give a harsh feel to the goods if

used alone, but this is neutralized by the introduction of

the mucilage of Irish moss.

The inorganic materials we have described up to this

point are mainly used for weighting purposes.

There remains the pure deliquescents, which though

important, will only require a brief description. The
function of these is to retain the moisture naturally pre-

sent, and to attract more up to a given point from the

atmosphere. They preserve the strength of the yarn by

keeping it soft and flexible, and add to its weight by their

attraction of moisture when there is plenty in the

atmosphere.

The deliquescent salt most extensively used in sizeing

is chloride of magnesium. It is commonly but erroneously

called "antiseptic." It has, however, very little if any

antiseptic power whatever, but was given the name on its

introduction owing to a mistaken belief that it possessed

it. It must not be relied upon in this respect. Chemi-

cally it is a combination of the metal magnesium with
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chlorine gas. It is a bye product from the manufacture

of chloride of potassium. The liquid producing it is

evaporated to the point when crystalization commences.

It is then stored in casks where this continues until the

mass become solid. This is its mercantile form. It is

used in Germany for the manufacture of artificial marble,

in France for the making of magnesia cement, and in

England for sizeing purposes. Its great value depends

upon its high deliquescent property. If a small quantity

be exposed to the atmosphere it will absorb moisture at

such a rate as to soon become liquid. This shows that

when used as a sizeing ingredient, it will in most states

of weather preserve the yarn moist, soft and flexible, the

best condition for weaving. Care should be taken to

purchase it free from oxide of iron which tinges it yellow,

and from the sulphates and chlorides of potassium and
sodium, and especially chloride of calcium which would
have detrimental results.

In compounding size when it is intended to use chloride

of magnesium, soaps should be kept out of the mixture,

as they would be decomposed and an insoluble compound
be formed. It should not be used in goods that have to

be hot calendered, as it is decomposed by heat and the

acid set free would tender or destroy the cloth.

We now come to an equally, if not more, important

element in the composition of size. This is chloride of

zinc. The powerful antiseptic property of this salt has

proved a boon to the cotton manufacturer. The law held

him responsible for the development of mildew ravages

after the goods had long left his possession and when he
could no longer exercise control over their disposition or

storage in places that would favour the origination of

mischief from septic sources. The use of this material,

however, in his size, practically sets him free from all risk,

as introduced in the proportion of 8 per cent, of the

size it completely destroys mildew spores or produces such
an uncongenial soil as to render their development impos-
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sible. Very little is now heard of mildew in cotton

cloth.

Chloride of zinc is a compound of zinc and chlorine.

There are various methods of manufacturing it. The
usual one is by adding hydrochloric acid to metallic zinc.

This dissolves the zinc, the result being the chloride of

zinc. In purchasing this article for sizeing purposes, care

should be taken to have it free from adulterations

which are usually the chlorides of sodium and calcium.

It should also be perfectly free from iron, which would
discolour the cloth. A sample of very good chloride of

zinc would give in analysis about 48 per cent, of actual

chloride and 52 per cent, water. It should not contain

more than minute traces of other matters.

There are a number of other articles sometimes spoken

of as antiseptics, but the manufacturer will do well to

avoid them and persistently avail himself of that which

has been proved thoroughly efficacious.

With the foregoing brief description of the component

materials of size we may now pass on to their blending.

A blend is usually termed " a mixing." Its composition

is dictated by the class of work for which it is intended

to be used, and the more or less knowledge and judgment

of the manufacturer or his manager. If an intelligent

person connected with the business would undertake a

careful and thorough study of this subject, it is our belief

he would be well rewarded, as it is far from being ex-

hausted. This certainly has never, to our knowledge,

been done. It is a most important matter, and ought to

be taken up in our best equipped technical schools by our

practical weaving teachers who should work alongside and

with chemical experts. There would then be something

more reliable to guide one than the empirical conclusions

that now serve the requirements of the trade.

In the early days of sizeing the materials were mixed

by hand in pans, earthenware mugs, wooden tubs and

sizeing troughs. As the materials seldom consisted of
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more than a few pounds of flour with enough water to

make a mixture of the consistency of cream, the task was

simple and the labour not great.

In the second stage when sizeing developed into a

separate business, mixing was still a manual operation,

though conducted on a much larger scale. A number of

hogsheads cut into two were adopted as holding more than

the vessels previously in use. The custom of fermenting

the flour magma, the blend of flour and water, was intro-

duced, and these large tubs became convenient storage

vessels. Their contents were systematically, at intervals,

stirred up by a labourer who used a long pole. This task

was not easy, and consequently was imperfectly performed.

And the trade waited for an inventor to improve the

method. In a while he came.

About 1856 Mr. James Eastwood, of Blackburn, in-

vented and introduced to the trade the first mechanical

size-mixing arrangement. It was a large churn-like tub,

first conical then oval, fitted with a vertical shaft carrying

arms or dashers by the revolution of which the size was
agitated or mixed. This was driven by a horizontal shaft

and bevel gearing fitted upon the top and connected by a

strap with a shaft in the room. It was a great improve-

ment upon the manual method.

But something else was required. The use of raw size,

as the unboiled article is called, in the sizeing machine
was the.cause of a great deal of trouble, as it could neither

be sufficiently boiled nor could any uniformity be preserved

in the sizeing of the warps passed through it. To over-

come this, a preliminary partial, or perfect boiling of the

size was adopted, which was done by the injection of

steam by means of a pipe into the mixer just described.

This constituted another advance, and met with great

favour from manufacturers. The sizeing tubs were, how-
ever, found to be inconveniently small, and a preference

began to be expressed for a very perfect boil of the size

before its introduction into the sizeing machine. In order





SIZEING MATERIALS AND MANUFACTURE OF SIZE. 457

to meet this requirement, the tub form was replaced by-

large square or oblong becks of great capacity fitted with

several agitators. This gave an opportunity for obtaining

more uniform results, as large mixings could be made at

once, whilst it secured far more perfect fermentation

where such was desired. But still the results were not

everything that was desired. The boiling of large masses

of size by the injection of steam meant a continuous intro-

duction of additional water, derived from its condensation.

How to keep this water out was the next problem to

solve. Again Mr. Eastwood met the requirement of the

case by devising a plan of forcing the size through a coiled

copper tube, the coil being contained in a cast-iron tube

forming a steam chamber which is kept heated with steam

at a pressure of 12 lb., so as to boil the size as it passes

through the coil. This with modifications and improve-

ments in details is the system generally in use to-day.

The accompanying illustration, fig. 213, shows the details

of the mechanical size mixer and boiler, as in use in most
establishments to-day. In the beck, a, the size is mixed
in the two compartments by means of the dashers, two in

each, driven by the bevel gearing. It is divided into two
equal compartments in order that one may be drawn upon
whilst in the other a further supply is being prepared.

There is a brass ram pump, b, connected with the two
compartments in the manner shown, the piping being of

copper, and the taps and fittings of brass, in order to pre-

vent the rapid oxidation that would occur were these of

iron. The size is drawn through these pipes from the

cistern, A, and carried through the horizontal length of

the tube to the left of the figure where it enters, and is

forced, the coil being boiled on its passage, to the vertical

outlet pipe, down which it descends to the size trough, J,

of the sizeing machine. The coiled pipe is inserted into

a cast-iron pipe, D, which forms a steam chamber. Into

this steam is admitted, the pressure being regulated by
the reducing valve and the steam gauge, e, so as to give
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the requisite amount of boiling the size requires to suit

the work in hand. The general working pressure is about

12 lb. per square inch. In order to regulate the supply

automatically sent to and delivered by the coil, the pipe

that conveys the size to the latter is provided with an
overflow valve, f, which conveys any excess back to the

compartment from which it is being drawn.
The flour, starch, or farina is prepared in the way shown

in the beck, A, but the china clay, and the chemical in-

gredients need somewhat different treatment. They are

therefore boiled together, but apart from the flour, etc., in

the oval iron pan, K, which is fixed upon a stage above the

beck, A. This pan is supplied with an open steam-pipe by
which the contents are boiled. To secure perfect disinte-

gration, the pan is furnished with two dashers which are

driven in the same manner as the others. The mixture

is drawn off into one or other of the compartments of the

beck, A, according to requirement and at the proper

time.

The size is also drawn from the coil automatically,

according to the consumption upon the work. This is

accomplished by means of the cylindrical copper float, G,

which is connected with the feed tap, h, the combined

action of the two regulating the quantity of size passing

through the pipe, I, into the trough, J, exactly as it is

taken up by the yarn passing through it.

This mechanical size mixer is a very effective machine.

Like all the other machines we have had under considera-

tion it has been of slow development, but now accom-

plishes everything that the manufacturer desires with a

minimum of attention and a maximum of efficiency. It is

not necessary to mix more size than the order in hand
will take. This is only boiled and supplied to the sizeing

machine exactly as it requires it. There is no fear of a

short or excessive delivery. Every particle of the size

must go through the boiling coil where it is uniformly

boiled, it not being possible for any raw or half-boiled size
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to get to the machine ti'ough. It is installed in most of

the weaving mills of Lancashire.

Sizeing varies according to the character of the cloths

being manufactured. It may be roughly divided into four

styles or kinds, namely, light, medium, heavy, and extra

Light sizeing includes all sizeing for weaving only ; it

is used for the better qualities of grey cottons, and for

nearly all cloths that have to pass through subsequent

processes, such as bleaching, dyeing, printing, and other

methods of finishing. It would be a waste of material

and labour, costing a considerable sum of money, to heavily

size such fabrics as we have named, as in most cases the

size would simply have to be washed out again. The per-

centage of size put upon the warp in light sizing ranges

from about 10 to 25.

Medium sizeing is used in the manufacture of good and
light classes of cloth usually exported in the unfinished or

grey state, such as good shirtings, jaconets, mulls, and
corresponding grades of bordered cloths. The per-

centage of size put upon the warp in these cases is from

25 to 50.

The next division is termed heavy sizeing, and the

weight put into the warp is from 50 to 100 per cent. It

is used in heavy, coarse fabrics, to give bulk and weight

at little cost. Many of these goods are used for common
linings, paddings, etc., and are as good for these purposes

almost as if they were made of more costly material. The
balance are the low qualities of grey cloths made for

exportation. Enormous quantities are used for burial

purposes in China and other eastern lands.

The last division is termed extra heavy, and includes all

cases wherein the weight put upon the warp exceeds 100
per cent. This system is not in extensive use.

Of course in every case a more or less amount is rubbed
off by the friction upon the warp in its passage through
the healds and reed, and in the subsequent handling.
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The amount is naturally greatest in the heaviest sized

section.

We give a few recipes of size mixings to suit the varie-

ties of cloths described. The mixings are large enough
for average weaving establishments, as it is better to mix
often er than to run the risk of serious depreciation of the

quality of the blend, owing to the origination and progress

of chemical changes that might completely alter the nature

of the mixing. The strength of size mixings is generally

tested by the specific gravity which is ascertained by
means of a hydrometer known by the name of Twaddell's

hydrometer. This has a scale which is easily understood.

When a mixing is thus tested, it is said to be " twaddelled."

The degree indicated is given in figures with the letters

Tw. following.

No. 1.—To give up to 25 per cent, on weight of

warp :

Farina

Tallow

Wax

400 lb.

56 „
6 „

Chloride of zinc is unnecessary in the above.

"No. 2.—The following is a good mixing for giving the

same or a little more weight in cases where the yarns are

lower in counts, and the cloth is wanted to have a bulky

feel and to look full

:

Wheat flour . 600 lb

China clay 200 „
Tallow. . 15 „
Chloride of zinc . , 30 „
Aniline blue . ioz.

No. 3.—The following mixing will yield from 50 to 100

per cent.

:



SIZEING MATERIALS AND MANUFACTURE OF SIZE. 461

Wheat flour . . 500 lb.

China clay . . 360 .,

Tallow ... 140 „
Chloride of zinc 60 „

„ „ magnesium . 120 .,

Aniline blue 4-oz.

The above will give a good feel and a full look to the

cloth. It will easily yield 100 per cent, if desired, or any
intermediate weight down to 50 per cent., according to

the specific gravity at which it is used.

No. 4.—The following is also a mixing for coarse yarns,

and will give 100 to 120 per cent

:

Wheat-flour . . . 400 lb.

China clay . . 500 „
Tallow . • . 250 „
Glycerine . 50 „
Magnesium chloride 200 „

Zinc . . 200 „

Aniline blue . 1\ ozs.

In heavy and extra heavy sizeing, in order to be per-

fectly assured that mildew will not subsequently develop,

mixings should always contain 10 per cent, of 102°

Twaddell of pure zinc chloride to the gelatinous sub-

stances. When this proportion is present little fear need
be entertained of bad results arising afterwards.

No. 5.—The following is a mixing to give about 50 per

cent, on warp yarns up to about 34's

:

Wheat-flower

China clay ....
Tallow . . .

Chloride of zinc, 102° Twaddell

„ magnesium .

Aniline blue .

500 lb.

300 „
100 „
56 „
30 „
i oz.
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No. 6.—The next will give 100 per cent.

:

Wheat-flour . 560 lb.

China clay- . 675 „
Tallow.... . 140 „

Chloride of magnesium . 80 „
„ zinc 60 „

Aniline blue 1^- ozs.

No. 7.—This is a mixing for " extra heavy " siz

Wheat-flour . 560 lb.

China clay 750 „
Tallow . . . 150 „
Oleine .... 65 „
Chloride of magnesium . . 150 „

„ zinc 120 „
Aniline blue . 2 ozs.

No. 8.—In the following Farina is the principal

ingredient

:

Farina

Sago
Tallow

700 lb.

250 „
100 „

No. 9.—Another of similar description, which will give

25 per cent, weight on warp

:

Farina .

Tallow .

500 lb.

20 „

The above recipes will probably meet all requirements.

Size mixings, however, are countless, as almost every

sizer has some particular recipe of his own which he

esteems above all others. Should any of the above be

adopted, each operator will probably add some ingredient

in which he has abundant, if not superabundant faith.

In the use of the chemical ingredients, and to facilitate
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the change from gallons to pounds, or vice versa, which
will enable them to be measured, we give the following

table

:

1 gal. chloride of magnesium, 56° Tw., weighs 13 lb.

zinc, 96° Tw. „ 15 „

„ pure water, „ 10 „

The China clay should always be well boiled. In

making the mixing the zinc and magnesium chlorides are

sometimes boiled with the China clay, but this is a mis-

taken procedure, and does no good whatever. They
should always be added to the raw flour and water wheD
they commence their action upon it. It should also be

borne in mind that alkalis and chlorides are antagonistic

or repellent bodies, and will not work together, and as

the chlorides are indispensable, the alkalis, whether in the

form of soda or soap, must be kept out.

Formerly flour was put to steep and ferment for from
six to twelve weeks. This was for the purpose of break-

ing it up into the finest particles and to get rid of the

most easily fermentable ingredients, and thus reduce the

risk of mildew. But the general adoption of the new
method of grinding by means of rollers, which reduces

the flour to a much finer condition than the old system,

a steeping of three weeks answers all requirements.

The beck in which the dry flour is put to the water
will store it until it is wanted. From this it is trans-

ferred by means of pipes and pumps to the final pre-

paration cistern, which, as shown previously, has two com-
partments : one in use, and the other in preparation.

From these, after the necessary treatment as previously

described, the size is drawn and passed through the coiled

« boiler to the machine. When the weather becomes more
than ordinarily dry, At may be desirable to add a little

more chloride of magnesia which is the best ingredient for

attracting and retaining moisture. The sizeing recipes we
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have given above relate entirely to the sizeing of warps in

the grey state.

The following mixings are in nse in the sizeing of

bleached and dyed yarns in the hank and ball warp
form.

No. 1.

Wheat flonr ... 280 lb.

Soap ..... 10 „

Tallow . . . . 10 „

This can be nsed at a strength of 14° to 16° Tw.

No. 2.

Sago flonr

Water .

Coconnt oil

No. 3.

180 lb.

36 gals

2ilb.

70 lbs.

20 „

8 „

2 „

Farina

Sago
Soap
Tallow

To be boiled up with water to 15° Tw. These mixings

give a light sizeing of a pure quality.

The following is a recipe for a heavy sizeing blend

:

Wheat flour (fermented) 230 lb.

China clay . . . 440 „

Sago .... 50 „

Soap .... 50 „

Chloride of zinc 50 „

Make up to a strength of about 42° Tw.
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The following is another

:

Wheat flour . . . . 280 1b.

465

China clay

Tallow .

Chloride of magnesium
Chloride of zinc

560

100
260
2S

Make up with water to 45° Tw. If 8 lb. of soda be

added, it is held to facilitate the mixing of the size,

though we hold this to be doubtful.

In sizeing bleached or coloured warps a rather stronger

size is used : that is, one Twaddling heavier.

Heavy sizeing often dulls the colours of dyed yarns

making them look milky. It is desirable to avoid this,

which can be done by adding to the mixing a little dye-

stuff, the so-called direct or substantive dyes lending

themselves best to this purpose. Of course, a colour

appropriate to that of the yarns being sized must be
used.

The following will be suitable

:

For Pinks : Erika or Titan pink 3 B.

„ Scarlets : Diamine Scarlet 3 B, or

Titan „ C.

„ Dark Reds : Titan red 6 B, or

Benzo-purpurine 6 B.

„ Blues

:

Titan blue 3 B.

Benzo-azurine.

Benzo-blue BX.
Diamine blue 2 B.

„ Yellows : Titan yellow R, or

Oxyphenine.

„ Oranges : Titan orange, or

Congo „ R.

„ Browns

:

Cotton brown, or

Diamine „

H H
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For Gieens: Diamine green B, or

a mixture of a yellow and blue.

„ Blacks : Diamine jet black S S, or

Direct deep black T.

These dyes fix themselves readily upon the yarn and
give fairly fast colours. They are particularly useful for

this work.

In making blends of size, of course water is an indis-

pensable element. There is no rule by which the quantity

can be stated beyond this, that it may generally be added

until the mixing becomes of the consistency of thick

cream. It will then need thinning down to the state in

which it will give the required weight upon the warp.

The proper degree should be ascertained by the instru-

ment usually termed " a Twaddle." Roughly speaking,

for the low and medium counts of yarns, which are those

usually sized from the lightest to the heaviest degree the

following will give a guide :

per cent. per cent. per cent.

Tarns, 16/36 .... 25/50 50/100 100/200

Should Twaddle about . 15 25 40

Intermediate figures from these can easily be obtained.

The best water to use for mixing purposes is that from

condensed steam.

In dealing with size it is important to bear in mind that

the injection of steam into it means the introduction

of additional water, and consequencely a weakening of the

mixing. If compensation be not made a considerable

diminution of the percentage of size put upon the warp
will probably ensue. Neither should it be forgotten that

if the sizeing becks in which the size is boiled, or the size-

ing machines served with steam for boiling in the trough
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be located a considerable distance from the boilers, there

will be a much greater condensation of steam, and, conse-

quently, they will receive a much larger proportion of

water than if they were near to the boilers serving them.

As a matter of economy, therefore, the sizeing plant and

machinery should be placed as near to the boilers from

which they will be served with steam as possible.
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CHAPTER XV.

Hints on Management.

A good practical or theoretical knowledge of the trade by-

principals a requirement of success.—Checks carelessness and
promotes efficiency amongst subordinates.—Best locations and
sites for weaving mills.—Temptations to indiscipline.—Managerial
oversight.—Qualities of a good manager.—Foremen.—The winding
master and his functions. —Winding.—Warping.—Uniform weights
of sets of beams and how to get them.—The sizeing room and its

supervision.—Details.—Tacklers and their duties.—Should possess
technical knowledge.—A good tackier will get good weavers.—

A

good class of weavers a necessity.—Good discipline in the weaving-
shed conducive to success.

—

The Warehouse an important de-
partment.—The piece book and the "tally boards;" checking-
errors.— Cloth-looking ; various methods.—Defective cloth.—The
onerous duties and responsibilities of a cloth-looker

; qualities of a
good one ; necessity of supporting his authority.—Hooking or
plaiting and making-up.—Overworking the warehouse staff, bad
policy; mill and Manchester cloth -lookers.—Disadvantages of

buying poor yarns.—Isolated strikes.—Immoral conduct.—The
Factory Acts.—Mill managers should be acquainted with them.

—

Why employers are prosecuted for the offences of operatives.—

A

means of defence.—Clause 87 of the Act of 1878.—The •' Steaming
Act. "—Atmospheric humidity and its variations ; its influence

upon cotton weaving.—The suspension of water in the atmo-
sphere at varioustemperatures.—Means of measuring it.—Humidity
schedule of the Cotton Cloth Factories Act.—Care required to

avoid penalties.

IN face of the competition and frequent depressions

occurring in the cotton trade it is incumbent upon
those engaged therein to conduct it with care and economy
in order to assure success. This, however, can only be

accomplished in the most perfect manner where the

principal or principals are thoroughly conversant with the
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practical details of the work of each department, which

will enable them to trace the results of neglect, careless-

ness, or bad workmanship directly to those who are re-

sponsible. More than this is also required : the principal,

or one of them where there are more than one, should be

a good business man in order that he may take safe charge

of the commercial portion. This is quite as important as the

practical part, because incompetence in either division will

often neutralize the best of skill in the other. It is only

rarely, however, that these qualities are combined in one

person, and even where this is the case it is impossible to

bring all into full play. One portion of the duty must be

delegated to a second person, whose interest, if he is not a

partner, is necessarily less than that of the principal. A
firm consisting of the partnership of two persons, one of

whom has had a thorough practical training, and the other

an equally good commercial education, offers the best com-
bination for insuring success, assuming that other requisites,

such as character, etc., are what they ought to be.

As, however, it is not always that a practical knowledge
of the trade can be acquired by persons desirous of engaging
in it, the best thing in these circumstances is to get a good
theoretical acquaintance with the different departments,

and the nature of the processes carried on in each. This

will tend to promote efficiency, as it will enable a master
to check the carelessness of servants who neglect their

duty, presuming that no one will be able to find out the

source of the mischief. It is doubly necessary in times

like the present, when profits in most branches of manu-
facturing have been much reduced, that the most careful

supervision should be exercised, and that the machinery
should be put into the best condition its state will allow,

in order that the least possible waste may be made and
the best work brought out ; in other words, that the

highest quality may be produced at the least cost. In
order to aid in a small degree those who have not had the

advantage of a practical training, it is proposed in this
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chapter to offer a few hints that may be found of use in

the management of weaving establishments.

Weaving mills are best located in the weaving districts.

In making election of a particular place, regard should be

had to the class of goods it is intended to manufacture.

When the locality has been decided upon, great care should

be exercised in selecting the site, which should be amongst
the best class of workpeople in the place, and in a neigh-

bourhood which has few, or better still, no drink-selling

places in close proximity. These very often prove a great

difficulty in the management of a mill, and greater in a

weaving than in a spinning mill, because of the larger

number of people usually employed in the former. Amongst
the three or four hundred people thus gathered together,

it often happens that there will be a small percentage

addicted to drinking. These will take advantage of every

little accidental stoppage to resort to the drink-shop, from

which it is almost impossible to drag them until they have

rendered themselves unfit for work for that and, perhaps,

several following days. Wanting these trifling chances

of self-indulgence, they will frequently make others, and

be found stopping away to indulge in their favourite vice

;

and the manager and overlookers will, perhaps, at a busy

moment find a dozen or so of looms without weavers,

when the fullest production from every one is required,

in order that contracts may be completed in time. But
this is not the only, and hardly the most serious evil, that

results from this bad habit. Whenever the weavers in a

shed can see looms standing for want of weavers to super-

intend them, discipline becomes relaxed ; carelessness and

idleness take the places of care and steady industry ; and a

worse quality of work, and less of it, is the consequence.

It is absolutely requisite that any infractions of discipline

of this kind should be punished by instant dismissal. The

saying that " a sickly sheep will taint the flock " was

never more true than in this connection. Unless the

manager has to lose all control of the establishment, this
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evil must be dealt with in the firmest and sternest manner.

It is pleasing to believe, however, that it is a diminishing

one.

In. the event of the owners not taking cbarge of the

internal management, it will be found desirable to appoint a

manager. The oversight of a manager is a necessity in a

cotton manufacturing establishment, and in some much
more so than in others. The one making one or two standard

fabrics from year end to year end needs comparatively

little, whilst another, making it may be miscellaneous goods,

will at times have from 20 to 200 sorts going at once, all

of which must be looked after in every detail in order to

prevent matters going wrong. Thus the one position in-

volves a great deal more labour and responsibility than

the other, and will require a manager with a great apti-

tude for dealing with details.

The first requisite for a good manager is a thorough

mastery of details. It would be best that he should be

practically conversant with the work of every process.

This, however, is difficult to obtain. The next best thing

is that he should have been trained for the post: that is,

that he should have entered the mill and have undertaken

a course of study of every process, with the view of

acquiring as thorough a knowledge of the principles and

best practice of each that should be possible by an intelli-

gent young man in the course of two or three years.

Besides making himself familiar with the details of each

process, he should constantly carry in his mind, and be

ready to put to himself the question : Can as good, or

better, results of the process before him be attained more
economically ? Is there anything in the organization of

this department that can be improved ? A critical exami-

nation will result from the putting of these questions, and
it will be astonishing how many weak spots can be

found.

A student for a managership will go through his study

of the processes all right, but will necessarily have to come
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out imperfectly trained in one respect : he will not have
been entrusted with the management of the workpeople.
This he can only acquire in the actual work of his vocation.

He may, however, whilst acquiring the preliminaries, keep
his eyes observantly open to the doings of the workpeople
and mentally note that which is right and wrong. He
will thus train his observation in a valuable manner for

the performance of his future duties, and will find the

accomplishment almost invaluable when called upon to put

it into practice.

A good manager will take care to obtain a good staff of

foremen. These in a weaving firm will consist of sub-

managers, if the firm is a large one having several mills,

winding and warping masters who take charge of the

winding and warping department ; foreman sizer, where
there area number; foreman drawer, or twister, when the

mill is large; tacklers, or tuners, as they are in some
places called, who have charge of the weavers ; and, lastly,

the cloth-lookers.

The function of the winding master is to take the

general supervision of the winding and warping room.

He engages and dismisses the operatives ; instructs them
as to the counts of yarn they have to work ; sees that the

winding is done upon the proper colour of bobbins, and
that these are not mixed ; takes care that the winders

mark their bobbins, for the purpose of subsequent identifi-

cation if required ; checks the making of excessive waste

and the over filling of bobbins ; sees that the workers are

properly supplied with yarn without favour or partiality

as to either quantity or quality ; takes care that no undue
accumulation of yarn is made upon any of the "sides " as

the winders' portions of the machines are termed ; and

maintains strict discipline as to the proper attendance and

general behaviour of the workers when at work. Prefer-

ably the winding master should be an elderly married

man of high moral principle, even tempered, and very

firm, as the good management of a large number of
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females needs both skill, prudence, and great firmness.

Other remarks equally suitable to this place will be found

in the preceding chapter.

The warping or beaming, section of his charge, also

requires care in the details of the work. The main

requisite is to see that the proper number and lengths of

back beams are made to complete the orders received by
him. There is little or no trouble in doing this when
standard cloths of one count of yarn are made from one

year end to another. It is different, however, where every

set of beams vary in either counts or lengths. It is then

there is required the exercise of the greatest care to avoid

waste, or loss and annoyance by spoiling the orders

through deficiencies, or overmaking them and having job

lots left.

It should be the winding master's duty to make his sets

of beams for the sizer of uniform weight, and these as near

as possible to the calculated weight required that with

the addition of the size and the proper counts of weft in

weaving will best give the contract weight of the cloth.

If this be neglected here it cannot afterwards be remedied.

It has already been told how this should be done, namely,

by taring every empty beam, painting the weight on the

flanges, weighing each full beam, chalking the weight

above the tare and thus getting the net weight. Should
these vary, the.proper set weight should be got from an,

assortment that will make it up correctly. Light sets and
heavy sets should never be made, as these defects will be

exaggerated in the sizeing process, and all sorts of piece

weights come from them. The gross, tare, and net weight,

of every set of back beams sent to the sizeing machine
should be recorded, and preserved for reference in the

event of the weights coming wrong from the looms. This

will permit of accurate investigations being made into the

quality of the yarn, and will reveal negligence in sizeing.

Yarns differ in their power of absorbing size, especially

owing to the variation of twist in them. A strongly
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twisted yarn is necessarily more consolidated than one

containing less twist. The first absorbs less size than the

latter, though the counts may be the same. It is desirable

to obtain yarns to work together that are uniform in their

amount of twist. These points are worth a manager's

careful attention.

The sizeing room on many accounts demands a large

share of the attention of the foreman sizer, if there be one,

or if not, of the manager. Upon the proper and contiuuous

working of the sizeing machines depends the regular supply

of warps for the looms. Care must therefore be taken that

there is always a set of beams ready for the machine imme-
diately the one in work is finished. Precedence must be given

to the most urgent orders, so as to avoid the risk of com-
plaints and cancellings of orders on account of non-fulfil-

ment within the stipulated time. If the looms get filled

up with orders that are not urgent they cannot con-

veniently be emptjied in order to put in work that should

have gone in first. The manager must therefore carefully

measure the productive capacity of his looms upon and by

his orders in hand, and on that basis give precedence in

the sizeing room to the orders that will be required to be

delivered first. This is a point that deserves his first

attention.

With careful, steady, sober, and efficient men the sizeing

room ought not to give the manager much trouble or care;

but without such men it will give him a great deal. A
drunken workman in this room may easily do a vast

amount of injury, and inflict a large loss upon the employer.

Such a man is best got rid of in order to avoid such con-

tingencies. Every sizer should be instructed to report to

the manager irregular or bad work that involves inferior

work passing from him to the weaving shed, or that

results in loss of yarn.

In other respects the sizeing room will not demand
much further notice. The chief points to assure are a

sufficient supply of steam for the proper boiling of the size
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in the trough ; and in the cylinders to thoroughly dry the

yarn in its passage over them. The machines should be

kept clean and well lubricated in their bearings, the

measuring arrangements properly adjusted, correct change

wheels used, and the beam presser kept in accurate work-

ing order. No loom beams should be put into the machine

with loose or crooked flanges. In doffing the slow motion

should always be used in order to prevent the baking of

the size upon that portion of the warp upon the copper

rollers. In lengthened stoppages the yarn should always

be brought out of the size trough by raising the immersion

roller, in order that no baking of the size may take place

upon it. The rollers and the size trough should be kept

perfectly clean, and no old size should be allowed to cake

or accumulate upon any part. A manager should accustom

himself to see at a glance when any of these things are

neglected, and insist upon prompt attention to, and the

maintenance of proper order in every case.

The next point of importance is the engagement of a

good class of overlookers—tacklers or tuners as they are

usually called—to take charge of the looms and the

weavers. The function of the tackier is to keep the looms

of which he has the oversight in good working order ; to

supply and " gate " new warps in them when the preceding

ones have been woven through ; to give the weavers all

necessary information regarding weft, headings, middlings,

or any other detail needed for the proper performance of

the work. The tackier is charged with the oversight of a

given number of looms, termed a set, the number varying

in them according to the amount of supervision and atten-

tion the class of work may require from him. In the

Burnley district of East Lancashire, where light printing

cloths are made, a set may consist of about 120 looms,

this being about the maximum number. In places where
the looms become more and more complex in construction,

and require more care, as in the manufacture of fancy

fabrics, the number of looms in a set diminish until they
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get down to about fifty or sixty, which will be about the

minimum. Tacklers are paid by a commission upon the

earnings of their weavers of so much in the £, and hence
is termed poundage. This varies a little, according to the

character of the work and the number of looms in a set.

This system of payment ensures stricter supervision over

and discipline amongst the weavers, and so is conducive

to both quantity and quality of production, and conse-

quently to the economical working of an establishment.

Tacklers are made from weavers. Of course they are

always men, the nature of the work required being unsuit-

able in many respects for women. The position is both

financially and socially a promotion from the post of

weaver. The qualities required in a tackier are : a

thorough knowledge of the principles and construction of

looms, and of the weaves that can be executed upon them,

especially of those of which he ventures to assume the

oversight ; mechanical ability, enabling him to see at a

glance when, how, and at what point a loom has gone

wrong, and to set it right again. He will need at times

to instruct the less competent weavers in some one or

other of the details of their art of which they may be

ignorant
;
physical strength is a valuable quality, as it is

required in carrying the heavy beams to the looms, and is

occasionally useful in exigencies that may arise in con-

nection with the maintenance of discipline ; and, lastly,

moral character, and skill in the management of work-

people, are also valuable traits in a good tackier. In

order that a tackier may do the best both for himself and

his employer he is generally entrusted with the power to

engage and discharge the weavers over whom he is placed.

It is therefore his ambition and interest to get the best

set of weavers he can obtain.

But the main requisite in manufacturing, after the best

machinery, is a good class of weavers. Without these,

even good machinery and the best preparation will go for

little. Rigid discipline is necessary to train operatives to
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a good standard, and to keep them at that position, as

amongst several hundreds, changes are constantly taking'

place. But it can be done where thorough harmony
exists between the managing and the warehouse depart-

ments. Sometimes opposition arises between these, the

former desiring to secure a large production, regardless of

quality ; the latter checking this, owing to the necessity of

maintaining the quality. The liability to this conflict

is very difficult to prevent, and to do this in the smaller

establishments the functions of manager and clothlooker

are often combined in one person.

A manager, who is a good disciplinarian, will see that his

overlookers are at the mill at the proper time in the morn-
ing, and at each recommencement at meal hours, in order

that they in turn may similarly influence their subordinate

weavers. Steady attention during working hours to their

looms should be required from the weavers, and at

the proper time to cleaning and oiling their machinery.

All this can be secured by attention on the part of the

overlookers, and where it is fully obtained the employer
will be gratified at the quantity and quality of the produc-

tion, and the economy with which it is accompanied. The
operatives will be pleased with the amount of their earn-

ings, and the establishment will gain character amongst
those not connected with it, which will always ensure

a good supply of hands. And better than all, the quality

of the work produced will secure it repute in the market,

by which the best prices will be ensured.

The warehouse is an exceedingly important department of

a weaving mill. It is the room in which the production of

the looms is received from the weavers, inspected, assorted,

made up, and stored until despatched to the agent who
sells the production, or to the merchant who may have
purchased it, if it should be delivered direct. This is in

the case where, as is usual in the great cotton manufacturing

establishments of East Lancashire, the handling of the

article ceases with the sale of the grey cloth. In the few
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instances in which the manufacturer strictly so-called

combines also the one of merchant, before leaving his pos-

session the cloth undergoes what are technically called the

finishing processes. These may be either bleaching, dye-

ing, or printing, and- the routine is slightly varied accord-

ing to the circumstances of the case. It may be, as in

some instances, that the goods are despatched from the

mills by the manufacturer to some finisher who treats

them according to instructions, and then delivers them
back to the manufacturer's warehouse, say in Manchester,

whence they are sold in large or small lots, as required

by customers. Probably, however, more than seventy-five

per cent, of the production is disposed of in the "grey,"

as the unbleached and undyed stage of the cotton cloth is

termed. It is, therefore, this phase of the business to

which these and the following remarks are intended to

apply.

Nearly all weaving is performed on what is called piece-

work terms : that is, for a stipulated quantity and quality

a certain sum is paid. These quantities are called " pieces
"

or " cuts," the former because they are pieces or portions

of a warp, and the latter because they are such lengths as

when woven may be properly cut from the warp in the

loom. The manufacturer sells in the market, say 5,000

pieces of shirtings, jaconets, or mulls, and gives his

manager orders to make them accordingly. In the process

of sizeing the warps are marked in the proper lengths, and

wound npon the loom beam until the latter is filled. An
automatic indicator registers the number of pieces that are

put upon each beam, and a ticket is issued therewith

giving order, number, counts of yarns, quantity of ends in

the warp, number of pieces contained upon the beam, the

number of picks that have to be put into it, and the counts of

the weft yarn withwhich it is to be woven. This information

is an instruction to both tackier and weaver. The latter,

when he has woven his first piece, takes the warp ticket

with it to the warehouse, where he has the details entered
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into the warehouse piece-book, and also upon a check or

tallyboard, on which a receipt is given him for all the

pieces he delivers into the warehouse. The proper keeping

of this book entails considerable care, because disputes

are liable to arise between the person having charge of it

and weavers, who will sometimes declare that they have

not been credited with all the pieces that they have woven.

To the credit of the operative weavers it may be said that

very few false allegations of this kind are made. When a

dispute arises, the piece-book is the safest guide, as it

may be assumed that it is less liable to be tampered with

than are the check-boards of the weaver. The truth, how-
ever, can be almost with certainty ascertained from two
sources: the first being the warehouse stock of the particular

kind of cloth in dispute, which ought to be taken weekly

after all the pieces at the close of the week have been

made up ; and the second by waiting until the warp is

finished, by which it will be seen whether it closes with

what should be the last piece. This, however, is not-

always satisfactory, as it may leave the matter in dispute

two or three weeks, by which the weaver would be kept

out of his or her money, or on the other hand, if a dis-

honest claim had been paid, it would probably be found

that the weaver had left the establishment.

Cloth-looking is the careful examination cf the cloth as

it comes from the looms, its purpose being to keep up the

standard of quality to the necessary degree of excellence,

to secure for the production of the mill a good name in the

market. The person to whom this function is entrusted is

called the cloth-looker, and his duty is to carefully examine

every piece to see that it is properly made, and free

from faults and blemishes of every kind. There are two
or three methods of performing this work, but substantially

there is not much difference in the results, if the work in

each case be conscientiously performed. The first may bo

said to be that of " flewing " it, which is probably the

oldest form, and a survival from the days of handloom
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weaving. When the weaver has completed a. piece of

cloth, it is " pulled out " from the cloth beam of the

loom, being folded in " flews " or layers upon the slay cap

of the loom. Probably the word "flew" is derived from
turning the folds over in a manner that might be described

as flying them ; or it may be a corruption of the word
"fold." These folds are of course made from the length

of the fabric, and are usually from about ten to fifteen

inches broad. When the piece is all drawn off" the cloth

beam, it is doubled upon itself in the direction of the

width, and in this form delivered into the warehouse.

The clerk who has charge of the piece-book pencils upon
it the number of the loom from which it has come, in

order that if required the weaver may be identified. The
cloth-looker takes up his position in front of a long bench

of about, a yard and a half wide, and at a point with a

window in front of him to afford plenty of light. Taking

up the piece to be examined, he first weighs it, which

shows him whether it is substantially right in the length,

and made of correct yarns, the right weight being known.

Should it vary from the requirement in this respect,

and yet be correctly made from the proper yarn, and

the length also be right, it may require that the cloth-

looker to direct that heavier or lighter weft be used, if the

conditions of the order render that necessary. Where
the requirement is simply a guarantee that certain counts

of yarn shall be used, the introduction of heavier

weft may not be requisite. The variability in the

weight of the cloth mainly arises from the varying

humidity of the atmosphere, the weight being greatest in

damp and rainy weather, and least in the cold dry frosty

weather of winter, the dry periods of spring when east

winds prevail, and the hot and dry weather of summer.

Should the piece, however, be all right in this respect,

the cloth-looker throws open the fold in its width, and

arranging it in front of himself, and in a line diagonal to

the window, rapidly and skilfully turns over the flews,
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or folds, of the cloth, carefully inspecting it as he proceeds.

Any fault or departure from the even texture is easily

observed. Having thus inspected the piece halfway across

its width, for its whole length he throws it over, by which
the other side is brought to his hand, when he rapidly

repeats the process. Should any fault be discovered in

the weaving, the piece is laid aside, and the attention of

the weaver called to it, and a reprimand given, or a small

abatement made such as may meet the necessities of the

case.

In the second method the cloth-looker has his bench

painted black in front of him, and placing the pieces at

the top, takes hold of the end, and draws it evenly over

the dark surface, which shows up every fault with great

distinctness. This, however, is a very laborious method
for the cloth-looker, and it has been obviated by an
arrangement in which a pair of rollers draw down the

cloth, these being actuated by a small band brought from
one of the shafts in another part of the works. This is,

perhaps, the best plan of examining cloth, provided proper

attention is given to it when it is passing over the board.

The points to which cloth-lookers are required chiefly

to direct their attention are to see that the weights,

lengths, and widths of the cloths are correct ; that they

are free from weavers' defects or faults, which may
be enumerated as being thick and thin places, made chiefly

in stopping and starting the looms; broken warp threads

not being pieced with sufficient promptitude ; "floats " or

scobs, caused by a broken warp thread getting entangled

in the shed, and preventing the warp from " clothing " as

the weaving proceeds, which results in a fault little better

than a hole. These defects are incident to weaving, and
require carefulness and strict attention on the part of the

weaver to keep them out. For all defects clearly due to

his negligence the weaver ought to be held directly re-

sponsible. There is another class of faults which may and
mostly do arise from the loom being out of order : bad

I I
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selvages, uneven cloth, thick, and thin places. The weaver
is properly held to be responsible for these until the atten-

tion of the overlooker has been called to the faulty con-

dition of the loom. They are sometimes difficult to cure,

but the responsibility of the weaver is not discharged by
any failure of the overlooker to mend the matter, as the

loom ought to be stopped until it is made right, and the

overlooker held to the task until the defect is cured.

The position of cloth-looker is the most onerous and
difficult to maintain of any in a mill. His hand is literally

.against every man, and woman too, and theirs against him.

In many cases, in fact probably more than half, he is

directly responsible only to his employer, not being sub-

ordinate to the manager. This arises to a certain extent

from the necessity of placing him above the risk of any
pressure being brought to bear upon him to make him
swerve from what he conceives to be necessary, from
his point of view, to secure and maintain the interests of

his employer. The interests of the overlookers and
managers of mills, the former especially, being paid a

commission upon the earnings of the weavers, are to

some extent in conflict with the duties of the cloth-

looker, as they are more anxious to secure a large pro-

duction than careful of the quality, which would interfere

with the realization of the former object. The employer

should be exceedingly careful in the selection of an in-

telligent and equitably minded man for the post of cloth-

looker. He should be skilful, prudent, cool in temper,

resolute in the assertion and maintenance of his decisions,

of strict integrity and high moral principle. He should

have nothing of a weak or revengeful disposition within

him, and should never display either favour or fear in his

dealings with the weavers. A conscientious man having

these traits of character placed in this post will be found

to be almost invaluable to an employer. The principal of

the establishment should always energetically support the

authority and moral influence of the cloth-looker ; even if
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lie should happen to inake a mistake, a semblance of main-

taining the position should be kept up, whilst a real retreat

should be made from the untenable attitude, which can be

effected by pointing out to the cloth-looker in a private

interview the mistake he may have made. This support

should be given as a matter of policy, because the mass of

weavers cannot always discriminate between the merits or

demerits of the dispute, and would look upon the humilia-

tion of their common enemy as a victory for themselves,

that if followed up and repeated would be an advan-

tage to all.

After the cloth has been examined, it is hooked up on

a frame, or plaited in a machine generally in yard folds, is

folded into smaller compass, and five, ten, or more pieces

made into one bundle, tied up, and stored ready for

despatch to its destination. This part calls for little re-

mark beyond the observation that the work should be

neatly and tidily performed, and the selvages of the cloth

carefully brushed in, or to take off the loose threads of

weft ; and every other means should be taken to give the

goods a smart, clean-looking appearance, in order that they

may make a good impression when delivered.

Too often the warehouse staff is overworked. Many
employers seem to think it good policy to save every

penny they can in this department, and therefore over-

work both cloth-lookers, hookers, and makers-up. This

is a bad policy, and is sure to entail much greater loss in

another direction. The cloth-looker cannot do his duty

properly, and faults in the cloth must frequently escape

his notice. This can never occur without the knowledge
of the weaver who has sent in the bad work. When they

once discover that bad work has a chance of escaping de-

tection, it is always a strong temptation to them to "try
it on," by which the whole tone of the establishment is

speedily lowered. Further, when the cloth is sent to the

merchant in Manchester, it is nearly always carefully

examined by cloth-lookers who have plenty of time in
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which to do their work, but in most cases no practical know-
ledge of the weaving processes; and should the delivery in

any sense present an untidy appearance, it is prejudiced in

their eyes, and the actual defects are multiplied in num-
ber and magnified in size by their ignorance. Had the

delivery been made up and smartly finished with the loose

threads carefully brushed away, the chances would have
been in favour of their passing without complaint or risk

of rejection. A staff of warehouse hands sufficient to pro-

perly perform the work, it may be affirmed with perfect

confidence, will always be not only the most economical

but also far more profitable than one which is insufficient

and overworked.

The vicious practice of buying low-priced yarns because-

they are apparently cheap is strongly to be reprobated.

During long observation, the writer has never seen it re-

sult in permanent benefit. Good weavers will not struggle

with bad yarns, because they increase their work and
diminish their earnings. They will take the first oppor-

tunity of transferring their services to neighbouring estab-

lishments the owners of which have a more enlightened

conception of their interests than to pursue such a policy-

The employer in the former instance is soon left with a

class of weavers who cannot even make good work out of

good stuff, let alone out of the inferior material with which
he supplies them. The consequence is that the reputation

of the firm rapidly declines in the market, the production

of the establishment fetches a lower price, losses are

frequently made upon rejected or cancelled orders, and

too often the end thereof is bankruptcy and ruin. The
best advice that can be given regarding buying yarns is

:

aim to procure the highest quality that the circumstances

require, and never descend below a good average. A
policy of this kind will secure for a mill good weavers, a.

large production, a high quality of cloth, and the best

prices of the market, all of which it will be admitted are

highly desirable.
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Isolated strikes were formerly a great trouble in the

management of a mill. These had their origin very

frequently owing to complaints as to the quality of the

material supplied to the winding or weaving department.

Bad twist or warp yarn might produce a strike amongst

either the winders, warpers, or weavers ; or bad weft

amongst the latter. Owing, however, to the great im-

provements that have taken place in the spinning depart-

ment of the trade in which these faults nearly always

originated, they have become almost obsolete. The best

way to avoid these is for the yarn buyer never to buy
" cheap lots " unless guaranteed to be right in quality, so

that if they fail in that essential point they may be re-

turned without difficulty.

In a large establishment containing, perhaps, several

hundred workpeople of both sexes, it sometimes happens

that improprieties of a serious kind occur between the

foremen and female employees. The master of the establish-

ment should have a quick eye and ear for the detection

of these matters, because whenever they occur he may
depend upon it they will involve a great sacrifice of his

interests. Favouritism will be shown, bad work will be

hidden or condoned, and insufficient quantities will be

accepted without rebuke. Far graver mischiefs than

these also occasionally result. It is far from being ad-

vocated here that employers or managers should take

cognizance of what occurs outside the walls of the, mill,

unless such acts from their character lead to disorganiza-

tion or serious relaxation of discipline within, which may
easily and does often occur. This should immediately be

repressed, and with a very stern hand, as the bad conse-

quences are as great as in the demoralization caused by
cases of drunkenness.

There is one aspect of mill management that cannot

properly be overlooked. This is the subjection of spinning

and weaving mills to the Factory Acts, but especially the

latter, for the control of which some special legislation
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has in addition been passed. We refer to the Cotton
Cloth Factories Act. Taking Factory legislation altogether

an important chapter might be written upon how best to

conform to or deal with its requirements. But space

precludes more than a brief reference.

The manager of a mill ought to make himself acquainted

to a reasonable extent with the requirements of the law,

and in order to do this should procure a small treatise

termed, " The Factory Acts," by Mr. Alexander Redgrave,
late Chief Inspector of Factories. This should be carefully

studied. From it an intelligent manager will easily learn

his obligations, responsibilities, and rights. The latter

are more considerable than are generally supposed, and if

insisted upon will preserve him from much annoyance.

Unfortunately our factory laws have received their colour-

ing from the traditions of the evil days of factory life in

the early part of the century. Throughout them it is

assumed that the employer is the author of all their in-

fractions, and he is accordingly mulcted on every oppor-

tunity. This assumption, whatever it might have been in

the early times referred to, is not correct to-day. But
acting upon it, and further influenced by a second reason,

the Home Office always directs the prosecution of the

employer, even when it is as clear as any object seen in

a summer day that the offender is one of the operatives,

and that the law has been broken in spite of instruction

to the contrary. This second reason is not often suspected

:

Her Majesty's Treasury object to provide the means for

insuring the observance of the law, practically declaring

that prosecutions of offenders must pay their own way,

and not be a burden upon the State. The result is that

the inspectors, whenever they detect operatives breaking

the law, take action against their employers, because in the

almost certain event of a conviction following they are

sure of getting their costs. Experience has shown them
that if they take the real offender, though they may get

a conviction, getting the costs is another matter altogether.
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Not long ago, in a case which came closely under the

notice of the writer, an inspector prosecuted an employer

and lost the case, yet wanted his costs from the person

who was proved not to have been the offender. He said,

"The Treasury would want them," and thus let the cat

out of the bag. Treatment of this kind is iniquitous, and

every person entrusted with the management of a mill

subject to the Factory Acts, should defend himself from

it. There is a provision in the Act itself enabling him to

do it. It is Clause 87 of the Factory and Workshops Act,

1878. For the benefit of managers who are often unfairly

harassed by these prosecutions, the clause is here tran-

scribed :

"87. Where the occupier of a factory or workshop is

charged with an offence against this Act he shall be entitled,

upon information duly laid by him, to have any other person

whom he charges as the actual offender, brought before the

court at the time appointed for hearing the charge ; and
if after the commission of the offence has been proved, the

occupier of the factory or workshop proves to the satisfac-

tion of the court that he had used due diligence to enforce

the execution of the Act, and that the said other person had
committed the offence in question without his knowledge,

consent, or connivance, the said other person shall be

summarily convicted of such offence, and the occupier shall

be exempt from any fine."

It was by availing himself of this defensive clause that

the gentleman referred to above succeeded in putting the

burden upon the shoulders where the inspector himself

ought to have put it in the first instance. A second

paragraph in Clause 87 enables the inspector, when it has

been made to appear to his " satisfaction " that the em-
ployer is not the offender, he may proceed against the

person by whom the law has been broken. For the

reason above stated it is always a very difficult if not

hopeless task to make it appear " to his satisfaction " that

anybody but the employer has committed the offence. It
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is probably within bounds to say that eighty-five per cent,

of prosecutions by inspectors are for breaches of the law
with which employers have had nothing whatever to do. It

is equally safe to say that not twenty-five per cent, of the

magistrates, nor fifty per cent, of their advising clerks,

who adjudicate upon these offences, are aware of the

existence of the clause we have quoted. It is here placed

in the hands of managers and responsible persons, who
may use it to ward off unjust prosecutions.

The offences which operatives may commit against the

factory laws are almost innumerable, but the solitary

defence employers have is the one quoted. Passing to the

comparatively modern aspect of these Acts, a recent ex-

tension must be referred to. This piece of legislation is

termed the "Cotton Cloth Factories Act," 1889, and
applies to cotton weaving only. It is ordinarily called

" The Steaming Act." It is to be regretted that the trade

brought its provisions and penalties upon themselves by
the abuse, on the part of a number of employers, of a good
principle—that of increasing the humidity of the atmo-

sphere of their weaving sheds by the injection of steam.

The operatives protested against the abuse of this, and the

result was the Act named.

A very brief elucidation of its principles must suffice.

The atmosphere at all times holds in suspension a quantity

of water in the form of vapour. This varies with times

and seasons. It is a fact known to every cotton spinner

and manufacturer that cotton works best and makes least

waste in a humid atmosphere, and worst in a relatively

dry one, such as occurs in the heats of summer, the east

winds of spring, and the dry frosts of winter. In all these

conditions the introduction of water by which the atmo-

spheric humidity was increased was found to be beneficial.

This led to the discovery that the atmosphere would

absorb moisture up to the point of saturation, or the point

when rain begins to fall, and that if filled nearly to this

state a greater weight of cloth could be obtained from a
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certain amount of material than was the case in average

conditions. It was the abuse of this discovery that led to

the enactment of the Act we have named.

The amount of water which the atmosphere will hold

in suspension is considerable. Take for illustration a

summer day with a temperature of 82° Fahr., a cubic foot

of air will then hold 11-8 grs. ; at 70° Fahr., 8-2, while at

100° Fahr. it will hold just ten times as much as at 32°

Fahr., or the freezing point of water.

The humidity of the atmosphere is measured by instru-

ments termed hygrometers, of which there are several

varieties. The Cotton Cloth Factories Act prescribes the

use of that known as Mason's hygrometer, which consists

of two thermometers of exactly the same size supported

on a suitable stand. One of these is known as the dry

bulb, and is generally placed on the left-hand side of the

stand. The other is termed the wet bulb. The bulb of

this is enclosed in a piece of muslin, from which depends

a few lengths of soft-twisted yarn, which dip into a small

glass bottle placed below. The water by capillary attrac-

tion is drawn up to the muslin round the bulb and satu-

rates it. The large amount of surface exposed facilitates

evaporation, and consequently gradually exhausts the water

in the bottle, which requires renewal from time to time.

It will be obvious from this that the rate of evaporation

must depend partly on the temperature at any given time,

and partly on the amount of aqueous vapour already held

in the atmosphere. If the temperature be low, and the air

nearly saturated, the evaporation will be small ; but if it

be high, aud the air comparatively dry, then it will be

much greater. It is an axiom in thermostatics that when
a liquid is converted into a vapour heat must be taken up
to effect the change. Therefore, the water which is evapo-

rated from the muslin requires heat to effect the change,

and this it obtains from the bulb of the thermometer, and
so reduces its temperature that it registers a lower degree

than does the dry bulb, which is not exposed to such
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influence. If the rate of evaporation is great, then a great

deal of heat is absorbed, and a greater difference is shown
between the readings of the two thermometers. But if

the air be nearly saturated with vapour, the rate of evapo-

ration will be slow, and the difference between the read-

ings will be reduced considerably, because of the absorption

of a less amount of heat from the wet bulb. Hence it will

be seen that by noting the differences in the readings of

the two thermometers a fair idea of the amount of water

present in the atmosphere can be obtained.

Careful experiments have been made to ascertain the

proportion of aqueous vapour in the air at different tem-

peratures and under different conditions. The conclusions

arrived at are included in the following table, which is

the schedule of temperatures and humidity prescribed by

the Cotton Cloth Factories Act as those under which work
shall be conducted in weaving sheds. This table is the

one last sanctioned by the Secretary of State for the Home
Department. It gives the maximum limits of humidity

at given temperatures, and is therefore of special interest

to cotton manufacturers and mill managers

:
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Grains of vapour
per cubic foot

of air.

Dry bulb
thermometer

readings.

Degrees Fahr.

Wet bulb
themometer
readings.

Degrees Fahr.

Percentage
of humidity.
Saturation =

100

1-9 35 33 80
2-0 36 34 82
21 37 35 83
2-2 38 36 83
23 38 37 84
2-4 40 38 84
2-5 41 39 84
26 42 40 84
27 43 41 84
2-8 44 42 84
2-9 45 43 85
31 46 44 86
3-2 47 45 86
33 48 46 86
34 49 47 86
3-5 50 48 86
36 51 49 86
3-8 52 50 86
39 53 51 86
4-1 54 52 8&
4-2 55 53 86
4-4 56 54 87
4-5 57 55 87
47 58 56 87
49 59 57 88
51 60 58 88
52 61 59 88
5-4 62 60 88
5-6 63 61 88
5-8 64 62 88
6-0 65 63 88
62 66 64 88
6-4 67 75 88
66 68 66 88
69 69 67 88
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Grains of vapour
per cubic foot

of air.

Dry bulb
thermometer

readings.

Wet bulb
thermometer
readings

Percentage
of humidity.
Saturation =

Degrees Fahr. Degrees Fahr. 100.

71 70 68 88
7-1 71 68-5 88-5

71 72 69 84
7-4 73 70 84
7-4 74 70-5 81-5

7-65 75 715 79
.77 76 72 81-6
8-0 77 73 72
8-0 78 73-5 77
8-25 79 74-5 77-5

8-55 80 75-5 77-5

8-6 81 76 . 76
8-65 82 76-5 74
8-85 83 77-5 74
8-9 84 78 72
92 85 79 72
9-5 86 80 72
9-55 87 80-5 71
9-9 88 81-5 71

10-25 89 82-5 71
10-3 90 83 69
10-35 91 83-5 68
107 92 84-5 68
110 93 85-8 68
111 94 86 66
11-5 95 87 66
11-8 96 88 66
11-9 97 88-5 65-5

120 98 89 64
12-3 99 90 64
12-7 100 91 64

This table embodies unchanged the figures of the pre-

vious schedule, which, is now extended to meet cases of

temperature below 60° and above 95° Fahr. Column 4
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is new, and expresses the percentages of saturation, that

is, of the total amount of vapour which the air at that

particular dry bulb temperature, is capable of taking up,

equivalent to column 1. It will be a practical guide to

manufacturers, who will thus perceive readily that the

higher the temperature above 73° the drier is the per-

mitted atmosphere.

Whilst the manufacturer has little control over the read-

ing of the dry bulb thermometer which registers the actual

temperature of the shed, in winter the latter may be kept

at a fairly comfortable working point by introducing heat

through the usual steam-pipe appliances or other suitable

means. In summer artificial warming is not required. But
whatever the reading of the dry bulb is, to a7oid the risk

of penalties he must keep the wet bulb down to the corre-

sponding temperature given in the schedule. This is

accomplished by carefully regulating the amount of steam
injected into the atmosphere of the shed, and the attention-

paid to ventilation. He may of course permit the two
thermometers at any time to show a greater difference in

the temperatures than that given in the table, because

this would indicate a drier atmosphere than that specified,

which is the minimum, or least dry, the law allows. If

the thermometers show temperatures closer together than

those shown in the table, the atmosphere is damper than

is allowed by the law, and the employer runs the risk of

incurring the penalties laid down for infringing its pro-

visions.
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CHAPTER XVI.

Standard Lists of Wages.

The origin of Standard Lists of Wages.—Wages in the transition
period ; struggles ; and the evolution of the " Blackburn Standard
List."—Its basis.—Its authors.—Adoption with modifications by
other districts.—Necessity for a Uniform List.—The advantages
of these Lists to both employers and employed.

—

The Uniform
List :—The standard ; width of loom ; allowances for broader
cloth than admitted by rule ; Allowances for narrow cloths, with
tables ; Reeds ; Picks ; Twist ; Weft ; Four-staved Twill ; Splits ;

additions and deductions ; time of List coming into operation.—The
conferences at which the List was drawn up and signed.—Portions
of the old Blackburn List incorporated with the new.—Plain
dhooties ; dobby dhooties ; dhooty headings ; additions upon plain
-cloth prices for satins, drills, drillets ; for lenos ; for double-lift

jacquards ; for dobby and tappet motions ; exceptions.—Blackburn
prices for winding ; for patent beam warping ; for tape-sizeing or

slashing; for looming and drawing; overlookers' poundage.

—

Burnley prices for winding ; for looming and drawing ; overlookers'

poundage.—Colne District Coloured Goods Weaving List.—Oldham
Velvet Weaving List.—Bolton Quilt Weaving List.—Specialties in

looms, and the districts in which they are made.—Blackburn
makers : Messrs. Henry Livesey, Limited ; John Dugdale and
Sons ; William Dickinson and Sons ; Willan and Mills.—Burnley
makers : Messrs. Butterworth and Dickinson.—Bury makers :

Messrs. Robert Hall and Sons ; Hacking and Co.—In other towns :

Messrs. Piatt Bros, and Co., Limited ; Smith Bros. ; Richardson,
Tuer and Co.—Preparation weaving machinery : Howard and
Bullough.—Winding machines : Mr. Joseph Stubbs ; Messrs. John
Horrocks and Sons ; Brooks and Doxey ; J. and T. Boyd ; and
Mr. Thomas Coleby.—Temples and temple makers : Messrs.

Lupton Bros. ; and J. Blezard and Sons.—Jacquard makers :

Messrs. Devoge and Co. ; James McMurdo.—Card cutting and
card lacing machines : Messrs. William Ayrton and' Co.

—

The end.

IN the cotton manufacturing districts it will generally

be found that there is in existence some " standard

list," or rate of payment, by which wages are ruled in the
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several departments of the establishment. It is not neces-

sary here to discuss the wisdom or unwisdom of the parties

to the " Unions " by which these are imposed or main-

tained—for the " Union " of one side has its counterpoise

on the other. Facts, however, cannot be ignored, and it

would be folly to shut one's eyes to the power which has

accrued to the body of the operatives from combination.

In past times serious disputes have arisen between em-
ployers and their operatives on the wages question, and

efforts have been made by both sides to coerce the other,

the instrument employed being combination. This has

been met by counter combination, and out of the struggles

that have taken place the compromises on the points in

dispute have resulted in the establishment of the district

standard lists of payment. The first to receive wide recog-

nition and establish its importance was that agreed upon
between the employers and operatives of Blackburn in the

year 1853.

The Blackburn list became known throughout the

cotton trade as the "Blackburn Standard List." Previously

to its adoption there was no recognized standard rate of

wages for weaving, and the work in its preparatory pro-

cesses. The trade had only too recently emerged from

the hand-loom or manual stage of existence, in which

wages were constantly fluctuating, advancing and receding

with every change of the market. As many of the hand-

loom employers had, and others were transferring their

capital and enterprise to the mechanical system then

rapidly being perfected, they brought with them the

habits to which they had been accustomed of advancing or

reducing wages—mostly the latter—on any, or without

any pretext whatever. The only check to these proceed-

ings was the resistance of the operatives, who would
" strike." These episodes mainly depended upon the

presence amongst them of an intelligent and spirited

leader, of whom there were not a few, but amongst whom
there was no combination or co-operative effort. Thus
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numerous and serious irregularities in the wages rate pre-

vailed. From 1848 to 1852 many reductions took place

at individual establishments, and it was in an attempt to

recover some of these that a combined and determined

effort, soon after the inauguration of a complete system of

free trade which induced a remarkable degree of pros-

perity, was made. A 10 per cent, advance of wages was
demanded. The movement spread over the entire cotton

trade, and was successful until Preston was reached,

where, in the great strike of 1853-4 it was defeated.

When the advance was conceded by the Blackburn

employers, the question naturally arose as to the basis

upon which it should be paid. Inquiries soon showed
that the differences existing amounted in some cases

almost to 10 per cent. It was then agreed that particulars

should be obtained from all the mills in the town and
district, an average be struck, and 10 per cent, advanced

upon that. This was done.

It may be of interest to mention here that the contend-

ing parties had formed opposing combinations of a tem-

porary character, no expectation being entertained that

they would become permanent. The operatives had

appointed Edward Whittle, one of those clever working

men mathematicians who were not scarce amongst them
in the first half of the present century, to be their

secretary. The employers appointed Mr. William Birt-

wistle, a cotton manufacturer of their order, assisted by
Mr. J. C. Fielden, then a young man in the service of

Mr. Birtwistle. These were appointed to work out the

details of the Blackburn Standard List, which afterwards

became famous as the model upon which all subsequent

weaving lists in Lancashire were founded.

This list, with suitable modifications, was quickly

adopted as a basis and model by those of Preston, Chorley,

and Burnley, the subjacent districts bringing themselves

within the comprehension of one or other of these. When
the wages movement was wrecked at Preston, after a long
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and expensive strike, supported by all the manufacturing

districts of Lancashire, the 10 per cent, gained in Black-

burn and other districts was soon lost. The operatives,

however, had discovered that they were strong when
united, and accordingly determined to found a permanent

union. It was out of this resolution sprang the celebrated

Blackburn Powerloom Weavers' Association. District

after district joined it until it embraced nearly the whole

of East Lancashire. Some dissensions arose about 1858

which led to a secession, and the formation of the East

Lancashire Powerloom Weavers' Association, of which

Mr. Thomas Birtwistle, now a factory inspector, became
secretary, a position which he held until about 1893, when
he received the appointment of " Particulars " inspector.

The principles adopted in these lists have continued to

govern the trade ever since, any changes that have

occurred having been made by reductions or advances of

given percentages from the standard rates embodied in

them. As, however, the rates paid under them were not

uniform, some districts obtained an important advantage

over others because of their ability to undersell them in the

market. Burnley was a notable illustration of the work-
ing of economic principles in this connection. It obtained

a large and rapid concentration of the industry to the dis-

advantage of the other districts. The present writer

drew the attention of the trade to this result in the pages

of the " Textile Mercury," and pressing it upon them, a

movement was set on foot which resulted in the draught-

ing and adoption of the Uniform Standard List in the

weaving branch of the cotton trade. This list came into

force in the beginning of August, 1892.

Those who remember the state of matters before these
" Standards " were established will readily admit that they

have been of the greatest service to the trade. The interest

of both sides, therefore, consists in the honourable observ-

ance of the compact, and when doubt arises in the minds of

the operatives as to the bona fides of their employer in his

K K
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regard for it, the counsel of the writer of these pages is that

every opportunity for the strictest investigation should be
promptly offered. The belief in the minds of a large body
of workpeople, though it maybe a mistaken one, that they

are not being treated honestly, will lead to such mis-

chievous results, springing from sentiments of retaliation,

that any little advantage arising from fractional diver-

gencies from accurate conformity to the List will have to

encounter a serious offset. When doubts arise on this

point the Secretary of the Weavers' Union should always

be a welcome visitor, because this throws upon him the

task of disabusing their minds of any misconception—

a

task which is much more easily accomplished by him than

their employer, because his interests are regarded as being

identical with theirs. The question being one of calcula-

tion, the proper conclusion is easily enough demonstrated,

and with a disposition to act justly on both sides, the

difficulty is speedily cleared away.

The following is a copy of the Uniform List, probably

the most important ever drawn up for the weaving branch

of the trade.

(1) The Stakdabd.

The standard upon which this list is based is an ordi-

narily-made loom, 45 inches in the reed space, measured

from the fork grate on one side to the back board on the

other, weaving cloth as follows :

Width.—39, 40, or 41 inches.

Reed.—60 reed, 2 ends in one dent, or 60 ends per inch.

Picks.—15 picks per quarter inch, as ascertained by arith-

metical calculation, with li per cent, added for contraction.

Length.—100 yards of 36 inches measured on the

counter. Any length of lap other than 36 inches to be

paid in proportion.

Twist.—28's or any finer numbers.

Weft—SVa to 100's both inclusive.

Price.—30d. or 2d. per pick.
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(2) Width of Looms.

A 45-inch reed space loom being taken as the standard,

1l per cent, shall be added for each inch up to and in-

cluding 51 inches ; 2 per cent, from 51 to 56 inches ; 2l
per cent, from 56 to 64 inches ; and 3 per cent, from 64
to 72 inches. 1-L per cent, shall be deducted for each

iuch from 45 to 37 inches inclusive ; and 1 per cent, from
37 to 24 inches, below which no further deduction shall

be made. For any fraction of an inch up to the half no
addition or deduction shall be made, but if over the half

the same shall be paid as if it were a full inch. All

additions or deductions under this clause to be added to

or taken from the price of the standard loom, 45 inches.

Deducted from Standard. Added to Standard.

Loom. Per
Centage.

Loom. Per
Centage.

Loom. Per
Centage.

Loom. Per
Centage.

Inches.

24
25
26
27
28
29
30
31
32
33
34

23
22
21

20
19
18

17
16

15
14
13

Inches.

35
36
37
38
39
40
41
42
43
44
45

12
11

10

8f
n
5

3|

Stan-
dard

Inches.

46
47
48
49
50
51
52
53
54
55
56
57
58
59

H
3

4*
6

9
11

13

15

17
19

21!
24
26!

Inches.

60
61

62
63
64
65
66
67
68
69
70
71

72

29

31!
34
36!
39
42
45
48
51

54
57
60
63

(3) Broader Cloth than Admitted by Rule.

All looms shall be allowed to weave to within 4 inches

of the reed space, but whenever the difference between the

width of cloth and the reed space is less than 4 inches it
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shall be paid as if the loom were 1 inch broader, and if

less than 3 inches, as if it were 2-L inches broader,

(4) Allowance foe Cloth 7 to 15 inches Narrower
than the b,eed space.

When the cloth is from 7 to 15 inches inclusive nar-

rower than the reed space of the loom in which it is being

woven, a deduction in accordance with the following tables

shall be made. No further deduction shall be made when
cloth is more than 15 inches narrower than the reed space,

or when cloth is narrower than 18 inches. Fractions of

an inch are not to be recognized under this clause.

Cloth. 72-in. Loom. Cloth. 71-in. Loom. Cloth.

1

70-in.
Loom.

In. Per cent. In. Per cent. ! In. Per cent.

65 1-38 64 1-41 63 1-43

64 2-76 63 2-81 62 2-87

63 4-14 62 4-22 61 4-3

62 5-52 61 5'62 60 5-73

61 6-9 60 7-03 59 7-17

60 8-28 59 8-44 58 8-6

59 9-66 58 9-84 57 9-79

58 11-04 57 1102 56 10-99

57 1219 56 12-19 55 12-18

Cloth. 69-in. Loom. Cloth. 68-in. Loom. Cloth.

j

67-in.

Loom.

In. Per cent. In. Per cent. In. Per cent.

62 1-46 61 1-49 60 1-52

61 2-92 60 2-98 59 3 04
60 4-38 59 4-47 58 4-56

59 5-84 58 5-96 57 5-83

58 7-31 57 7-2 56 7-09

57 8-52 56 8-44 55 8-36

56 9-74 55 9-69 54 9-63

55 10-96 54 10-93 53 10-9

54 12-18 53 1217 52 1216
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Allowances for Narrow ChOTK—Conti?iited.

Cloth. 66-in. Loom. Cloth. 65-in. Loom. Cloth.
64-in.
Loom.

In. Per cent. In. Per cent. In. Per cent.

59 1'55 58 1-58 57 1-35

58 3-1 57 2-91 56 2-7

57 4-4 56 4-23 55 4 05
56 5-69 55 5-55 54 5-4

55 6-98 54 6-87 53 6-74

54 8-28 53 8-19 52 8-09

53 9 57 52 9-51 51 9-44

52 10-86 51 10-83 50 10-79

51 12-16 50 1215 49 11-87

Cloth. 63-in. Loom. ! Cloth.

1

62-in. Loom. ! Cloth.
61-in.

Loom.

In. Per cent. In. Per cent.
j

In. Per cent.

56 137 55 1-4 54 1-43

55 2 75 54 2-8 53 ! 2-85

54 4-12 53 4-2 52 4-28

53 5-49 52 5 6 51
;

5-7

52 6-87 51 7: 50 7-13

51 8-24 50 8-4 49 8-27

50 9-62 49 9-51 48 9-41

49 10-71 48 10-63 47 10-55

48 11-81 47 11-75 46 11-69

Cloth. 60-in. Loom. Cloth. 59-in. Loom. Cloth.
58-in.
Loom.

In. Per cent. In. Per cent. In. Per. cent.

53 1-45 52 1-48 51 1-51

52 291 51 2-96 50 3-02

51 4-36 50 4-45 49 4 23
50 5-81 49 5-63 48 5 44
49 6-98 48 6-82 47 6 65
48 8-14 47 8- 46 7-86

47 9 3 46 9-19 45 9-07

46 10-47 45 10-38 44 9 98
45 11-63 44 11-26 43 10 89
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Allowances for Narrow Cloth—Continued.

Cloth. 57-in. Loom. Cloth. 56-in. Loom. Cloth.
55-in.

Loom.

In. Per cent. In. Per cent. In. Per cent.

50 1-54 49 1-26 48 1-28

49 2-78 48 2-52 47 2-56

48 4-01 47 3-78 46 3-85

47 5-25 46 5-04 45 5-13

46 6-48 45 6 3 44 6-09

45 7-72 44 7-25 43 7-05

44 8-64 43 8-19 42 8-01

43 9-57 42 9-14
!

41 8-97

42 10-49 41 10-08 40 9 94

Cloth. 54-in. Loom. Cloth. 53 :in. Loom. Cloth.
52-in.

Loom.

In. Per cent. In. Per cent. In. Per cent.

47 1-3 46 T33 45 1-35

46 2-61 45 2-65 44 2-36

45 3-91 44 3-65 43 3-38

44 4-89 43 4-65 42 4-39

43 5-87 42 5-64 41 5-41

42 6-85 41 6-64 40 6-42

41 7-83 40 7-63 39 7-43

40 8-8 39 8-63 38 8-28

39 9-78 38 9-42 37 9-12

Cloth. 51-in. Loom. Cloth. 50-in. Loom. Cloth.
49-in.
Loom.

In. Per cent. In.- Per cent. In. Per cent.

44 1-03 43 1-05 42 1-06

43 2-06 42 2-09 41 2-12

42 3-1 41 3-14 40 3-18

41 4-13 40 4-19 39 4-25

40 5-16 39 5-23 38 5-13

39 6-19 38 6-1 37 6 01
38 7-05 37 6-98 36 6 9

37 7-91 36 7-85 35 7-78

36 8-77 35 8-72 34 8-67
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Allowances for Narrow Cloth— Continued.

Cloth. 48-in. Loom. Cloth. 47-in. Loom. Cloth.
46-in.

Loom.

In. Per cent. i In. Per cent. In. Per cent.

41 1-08 40 1-09 39 I'll

40 2-15 39 2-18 38 2-03

39 3-23 38 3-09 37 2-96

38 4-13 37 4- 36 3-88

37 5-02 36 4-91 35 4-8

36 5-92 35 5-83 34 5 73

35 6-82 34 6-74 33 6-65

34 7-72 33 7'65 32 7-57

33 8-61 32 8-56 31 8'5

Cloth. 45-in. Loom. Cloth. 44-in. Loom. Cloth.
43-in.
Loom.

In. Per cent. In. Per cent. In. Per cent.

38 •94 37 •95 36 •96

37 1-87 36 1-9 35 1-92

36 2-81 35 2-85 34 2-88

35 3-75 34 3-80 33 3-77

34 4-69 33 4-75 32 4-81

33 5-62 32 5-70 31 5-77

32 6-56 31 6-65 30 6-54

31 7-5 30 7-41 29 7 31
30 8-25 29 8-16 2S 8-08

Cloth. 42-in. Loom. Cloth. 41-in. Loom. Cloth.
40-in.
Loom.

In. Per cent. In. Per cent. In. Per cent.

35 •97 34 •99 33 r
34 1-95 33 1-97 32 2-

33 2-92 32 2-96 31 3'

32 3-9 31 3-95 30 3-8

31 4-87 30 4-74 29 4-6

30 5-65 29 5-52 28 5-4

29 6-43 28 6-32 27 62
28 7-21 27 7-11 26 7*

27 7-99 26 7-89 25 7-8
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Allowances for Narrow Cloth—Continned.

Cloth. -in. Loom.

In. Per cent.

32 1-01

31 2-03

30 2-84

29 3 65
28 4-46

27 5-27

26 6-08

25 6-89

24 7-7

Cloth.

In.

31
30
29
28
27
26
25
24
23

38-in. Loom.

Per cent.

103
1-85

2 67
3-49

4-32
5-14

5-96

6-78

7-60

Cloth.

In.

oO
29
28
27
26
25
24
23
22

Cloth. 36-in. Loom. Cloth. 35-in. Loom. Cloth.
34-in.

Loom.

In. Per cent. In. Per cent. In. Per cent.

29 •84 28 •85 27 •86

28 1-69 27 1-7 26 1-72

27 2-53 26 2-56 25 2-59

26 3-37 25 3 41 24 3-45

25 421 24 4-26 23 431
24 5 06 23 5-11 22 5-17

23 5'9 22 5-97 21 6-03

22 6-74 21 6-82 20 6-9

21 7'58 20 7-67 19 7 76

Cloth. 33-in. Loom. Cloth. 32-in. Loom.
1

Cloth.
31-in.

Loom.

In. Per cent. In. Per cent. In. Per cent.

26 •87 25 •88 24 •89

25 1-74 24 1-76 23 1-79

24 2-62 23 2-65 22 2-68

23 3-49 22 3-53 21 3 57

22 4-36 21 4-41 20 4-46

21 5-23 20 5-29 19 5-36

20 6-1 19 6-18 18 6 25

19 6-98 18 7-06

18 7'85
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Allowances for Narrow Cloth—Continued.

Cloth. 30-in. Loom. Cloth. 29-in. Loom. Cloth.
28-in.
Loom.

In. Per cent. In. Per cent. In. Percent.
23 •9 22 •91 21 •93

22 1-81 21 1-83 20 1-85

21 2-71 20 2-74 19 2-78

20 3 61 19 3-66 18 3 7
19 4-52 18 4'57

18 5-42

Cloth. 27-in. Loom. Cloth. 26-in. Loom. Cloth.
25-in.

Loom.

In.

20
19
18

Per cent.
•94

1-87

2-81

In.

19

18

Per cent.

•95

1-9

In.

18
Per cent.

•96

(5) Reeds.

A 60 reed being taken as the standard, |- per cent, shall

be deducted for every two ends or counts of reed from 60

to 50, but no deduction shall be made below 50. 1. per

cent, shall be added for every two ends or counts of reed

from 60 to 68 ; 1 per cent, from 68 to 100 ; \\ per cent,

from 100 to 110 ; and 2 per cent, from 110 to 132. All

additions or deductions under this clause to be added to

or taken from the price of the standard, 60 reed.
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(5) Reeds—Continued.

Deducted from
Standard. Added to Standard.

Count of Per Count of Per Count of Per
Reed. Centage. Reed. Centage. Reed. Centage.

50 3| 62 1 98 18

52 3 64 H 100 19

54 21 66 2£ 102 20*
56 H 68 3 104 22^

58 3
4 70 4 106 23i

60 Standard 72 5 108 25
74 6 110 26i
76 7 112 28*
78 8 114 30i

80 9 116 32i

82 10 118 341

84 11 120 36i

86 12 122 38i

88 13 124 40^
90 14 126 42i
92 15 128 44|
94 16 130 46i

96 17 132 48i

(6) Picks.

Loiv.—An addition of 1 per cent, shall be made for each

pick or fraction of a pick below 11, thus :

Below 11 down to and including 10, 1 per cent.

» io ,, ,j y, ^ 5 >

5? o „ „ /, 4 ,,

and so on, adding 1 per cent, for each pick or fraction

thereof.

High.—An addition of 1 per cent, per pick shall be

made whenever they exceed the following, if using

Weft below 2G's when picks exceed 16

„ 26's to 39's inclusive ,, 18

„ 40's and above „ 20



STANDARD LISTS OF WAGES. 507

In making additions for high picks any fraction of a

pick less than the half shall not have any allowance
;

exactly the half shall have i per cent, added ; any fraction

over the half shall have the full 1 per cent, added.

(7) Twist.

The standard being 28's, or finer, the following addi-

tions shall be made when coarser twist is woven in the

following reeds :

Below 28's to 20's in 64 to 67 reed inclusive, 1 per cent.

68 to 71 ?> ?? 2 JJ

72 to 75 ?> J» 3
?J

Below 20's to 14's in 56 to 59 5? 5»
1 ??

60 to 63 ?) »» 2
»>

64 to 67 35 ?» 3 ??

and so on at the same rate. When twist is woven in

coarser reeds no addition shall be made.

(8) Wept.

Ordinary Pin Cops.—The standard being 31's to 100's

both inclusive, shall be reckoned equal. Above 100's

1 per cent, shall be added for every 10 hanks or fraction

thereof. In lower numbers than 31's the following addi-

tions shall be made

:

For 30's, add 1 per cent.

„ 29\28's, „ 2 „

„ 27's, 26's, „ 3

„ 25'sr 24's, „ 4i „

„ 23's, 22's, „ 6i

„ 21's, 20's,
,

„ 19's, 18's, „ 10J

„ 17's, 16's, „ 13

„ 15's, 14's, „ 16

5>
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Large Cops.—When weft of the following counts is

spun into large cops so that there are not more than 19 in

one pound, the following additions shall be made in place

of the allowance provided for pin cops in preceding table :

For 29's, 28's, add 1 per cent.

„ 27's, 26's, „ 2

„ 25's, 24's, 23's, „ 3

„ 22's, 21*s, 20's, „ 4l „

„ 19's, 18's, „ 6 „

„ 17's, 16's, „ 8 „

„ 15's,14's, „ 10

(9) Four-Staved Twills.

Low Piclcs.—In four-staved twills an addition of 1 per

cent, for each pick or fraction thereof below the picks

mentioned in the following table shall be made when using

weft as follows

:

Below 26's, the addition shall begin at 13

26's to 29's inclusive „ „ 14

40's and above „ „ 15

High Picks.—When using weft

below 26's, the addition for high picks shall begin at 21

26's to 39's inclusive „ „ „ 22

40's and above ,, „ „ 23

In making additions for high picks, any fraction of a

pick less than the half shall not have any allowance ;

exactly the half shall have
-f-

per cent, added ; any fraction

over the half shall have the fall 1 per cent, added.

(10) Splits.

The following additions shall be made for splits

:

One split, uncut, add 5 per cent.

Two splits, „ „ 7-L „

Empty dents only shall not be considez-ed splits.
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(11) Additions and Deductions.

All the foregoing additions and deductions shall be

made separately.

This list is subject to a reduction of 10 per cent.

This list shall come into force after the first making-up
day in August for cloths requiring a fresh calculation,

and on the first making-up day in November next for all

cloths.

The foregoing list has been framed at Conferences of

Representatives consisting of Mr. T. Thornber, of Burnley
;

Mr. W. Taylor, of Blackburn ; Mr. J. Wilding, of Preston
;

and Mr. Joshua Rawlinson, of Burnley, General Secretary,

on behalf of the employers ; and Mr. George Barker, of

Blackburn ; Mr. Luke Parker, of Preston ; Mr. W. H.
Wilkinson, of Haslingden ; and Mr. Thomas Birtwistle, of

Accrington, on behalf of the operatives.

Signed on behalf of the employers,

Joshua Rawlinson,

Secretary of the North and North-East Lancashire
Cotton Spinners and Manufacturers' Association.

Signed on behalf of the operatives,

Thomas Birtwistle,

Secretary for the Northern Counties' Amalgamated
Associations of Weavers.

June 24th, 1892.

Additions upon Plain Cloth Prices for the folloicing

Classes have not been altered.

Plain Dhooties,

There are two systems of paying for dhooties, but in

the ultimate result there is very little difference.

The first that was adopted was as follows

:
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10 yard dhooties 10 per cent, above list.

9 11

' ?J ?» LJ 5> 5)

" »> 5) -"-^ ?5 >)

The second is 10 per cent, upon all lengths without any
deduction being made for width of cloth.

Dobby Dhooties.

Sixteen flush ends or under, with Calcutta heading, 20
per cent.

Sixteen ends and under, with Madras heading, to be

paid 30 per cent, on list.

All other dobby borders to be paid 30 per cent., with

prices for headings as per " Illustrated Coloured List,"

agreed upon March 15th, 1886.

Dhoott Headings—Extras for 40ss Yards.

Madras heading to be paid i-d. for 12, \d. for 14
marks, if woven in looms over 39 inches wide, and Id. for

16 to 20 marks, and lie?, for 21 to 30, in whatever loom
woven.

Large sarrie heading, with 1 shuttle 15 bars, to be paid

Id. extra. Small sarrie heading, with 1 shuttle 9 bars, to

be paid \d. extra.

Madras sarrie heading, with 2 shuttles 11 bars, includ-

ing cord, to be paid \d. extra.

Bombay chocolate heading, with 2 shuttles 14 bars, to

be paid Id. extra for 16 marks.

Madras chocolate heading, with 4 shuttles 18 bars, in-

cluding cord, to be paid Id. per cut extra.

Red Madras heading, with 2 shuttles 10 bars, includ-

ing cord, to be paid ^d. for 12 headings, and \d. for 14 if
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woven in looms over 39 inches wide, and Id. for 16 to 20

marks, and \\d. for 21 to 30 in any loom.

What is known as 9-bar Bombay heading, with 1 shnttle

11 bars, to be paid Id. extra for 16 marks.

Bombay chocolate heading, with 3 shuttles 14 bars, to

be paid Id. extra for 16 marks.

Ordinary Calcutta heading, with 5 bars, no extras.

Additions upon Plain Cloth Prices under an Agreement
made with Nelson Employers, October 4th, 1886.

Satins, Drills, Drillets, etc.

Cloths up to and including 25 picks to be paid 8 per

cent, on plain cloth prices, and for every additional pick

or fraction beyond the half, an extra i per cent, shall be

added. These additions to be made in place of the allow-

ance for picks in Clause 6.

Whenever the reed per i- inch exceeds the pick,
-J

per

cent, shall be added for every additional two counts of

reed above the number of picks.

Lenos.

For one doup, 70 per cent, ; two doups, 80 per cent, on
plain cloth prices.

Additions upon Plain Cloth Prices under an Agreement
entered into at Chorley, February 24th, 1886.

Double- Lift Jacquards.

To be paid the following over and above plain cloth

prices

:

For plain grounds, 30 per cent.

For satin grounds, 25 „

Brocades, damasks, and stripes created by a variation
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of the number of ends, 3, 4, or more in a dent, to be paid

for by the number of ends per inch.

Picks 18 to 30, 1 per cent, per pick; from 30 to 40,

l- per cent. ; all above 40, \ per cent., instead of 1 per cent.

Lace brocades, 5 per cent, extra.

When siDgle-lift machines are used, the scale shall be
10 per cent, higher than the above.

The above applies to jacquards only.

Dobbt and Tappet Motions, Satins Excepted.

To be paid the following on plain cloth prices.

Up to and including

:

4 staves, 12 per cent.

5 j?
13 „

6 ?>
14 „

7
55

15 „

8 55 16 „

9 55 17 „

10 55
18 „

11
55

19 „

12 55
20 „

13 staves, 21 per cent.

14
55

22 „

15
55

23 „

16
55 24 „

17 55 25 „

18
55

26 „

19 55 27 „

20 55 28 „

Stripes and other cloths, with more than two ends in a

dent, to be paid for by the number of ends per inch.

In single shuttle checks, handkerchiefs, and all other

special classes of goods in which more than one pick is

put in one shed, all lost picks shall be counted.

Exceptions.

Plain handkerchiefs, 72 reeds and below, to be paid

5 per cent, extra.

Single shuttle cord checks, with more than two picks

in one shed, to be paid 2i per cent. less.

Lace stripes, fly-overs, or any other goods of a special

character, shall be paid extra as per special arrangement,
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to be agreed upon by the Employers' and Operatives'

Associations.

Blackburn Prices for Winding,

Subject to a Reduction of 10 per cent.

Counts of Lbs. of Twist Counts oi Lbs. of Twist
Yarn. for 12d. Yarn. for 12d.

18's . . . 55 lbs. 38's ... 32 „

20's . . 52 „ 40's 31 „

22's . • 49 „ 46's 27i „

24's . .
45i. „ 50's 26 „

26's . • 42* „ 60's 22 „

28's . . 40 „ 70s 19 „

30's . . 38 „ 80's 1<^- „
32's . , . 36 „ 90's 14| „
34's . . 34r „ 100's 13 „
36's . . 33i „

Blackburn Prices for Patent Beam Warping,

Subject to a Reduction of 10 per cent

Price ner cent. "Ends. VrEnds.

300 .

Price per cent,

or 3,000 yards.

. . S'12d.

Ends.

410 .

Price per cent,
or 3,000 yards.

. . 4'lld
310 . . 3-21d 420 . . 4-20d
320 . . 3-30& 440 . . 4-40&
330 > . S-Sdd. 460 . . 4-60d
340 . . 3-48d 480 . , . 4-80d
350 . , . S'b7d. 500 . . 5-Old
360 . , . 3-66d. 520 . . 5-22d
370 . . 37M. 550 . . 5-55d
380 . . . 3-84d 580 . , . 5-88d
390 . . . 3-93d 610 . , . 6'21d
400 . . . 4-02c£ 640 . . 6-54d

, The above prices are considerably below what is gene-
rally paid for Warping ; this, to some extent, arises from
the application of the stop-motion.

L L
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Blackburn Prices for Tape-Sizeing or Slashing,

Subject to a Reduction of 10 per cent.

In consequence of so many different lengths being

made, the 100 yards has been added, it being so mnch
simpler to calculate from, as the 100 yards' price only

requires to be multiplied by the length, whatever it may
be, removing the decimal point two figures more to the

left.

Through some errors having crept into the original list,

the following table will be found to differ slightly there-

from, as the calculations have been worked out strictly in

accordance with the standard, irrespective of the prices

given in the original list of 1867.

Taking 2,460 ends as a standard, deduct |c2. for every

50 ends below the standard, on 100 cuts of 37i yards.

Taking 2,460 ends as a standard, add \d. for every 50

ends above the standard, on 100 cuts of 37^ yards.

Fractional parts of 50 ends given in favour of the

workman.

1260 1360 1460 1560 1660 1760 I860
Ends. to to to to to to to

1310 1410 1510 1610 1710 1810 1910

d. d, d. d. d. d. d.

25 yards . 13- 13-5 14- 14-5 15- 15-5 16-

37i „ . 19-5 20 25 21- 21-75 22-5 23 25 24-

46 „ . 23 92 24-84 25-76 26 68 27-6 28-52 2944
60 „ . 312 32-4 33-6 34-8 36- 37-2 38-4

100 ,, .
52- 54- 56- 58- 60- 62- 64-

I960 2060 2160 2260 2360 2460 2560
Ends. to to to to to to to

2010 2110 2210 2310 2410 2510 2610

d. d. d. d. d. d. d.

25 yards . 16 5 17- 17-5 18- 18-5 19- 19-66'm 24-75 25-5 26-25 27' 27-75 28-5 29-5

46 „ . . 30-36 31-28 32-2 33-12 34 04 34-96 36-19

60 „ . . 39-6 40-8 42- 43-2 44-4 45-6 47-2

100 „ . .
66- 68- 70- 72- 74- 76- 78-66
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Tape-Sizeing or Slashing—continued.

2660 2760 2860 2960 3060 3160 3260
Ends. to to to to to to to

2710 2810 2910 3010 3110 3210 3310

d. d. d, d. d. d. d.

25 vards . 20-33 21- 21-66' 22-33' 23- 23-66 24-33

sn 30 5 31-5 32-5 33 5 34-5 35-5 36 5
46 „ . 37-41 38 -o4 39-86 41-09 42-32 43-55 44-77

60 „ . 48-8 50-4 52- 53-6 55-2 56-8 58-4

100 „ . . 81-33 84- 86-66 89-33 92- 94 66 97-33

3360 3460 3560 3660 3760 3860 3960
Ends. to to to to to to to

3410 3510 3610 3710 3810 3910 4010

dr. d. d. d. d. d. d.

25 yards 25- 25-66' 26-33 27- 27-66 28-33' 29-

37i „ 37-5 38-5 39-5 40-5 41-5 42-5 43-5

46 „ 46- 47-23 48-45 49-68 50-91 52-13 53-36

60 „ 60- 61-6 63-2 64-8 66-4 68- 69-6

100 „ 100- 102-66' 105-33' 108- 11066' 113-33 116-

The preceding list is based upon medium counts of

yarn. Extreme counts and sorts to be allowed for as per

Blackburn Prices for Looming and Drawing.

Looming plain sorts .

Drawing plain sorts .

Drawing dhooties

3-7_(i per 1,000 ends.

4 7 d

bd. „ „

Three and five-leaf twills, double warps, Yarns below
1 6's, fine reeds, and other special goods to be paid extra

as per agreement. Jobbing or labouring to be paid by
the hour.

The above prices are not subject to 10 per cent,

reduction.

The above are the prices to be paid until the new list

for looming and drawing is complete, which is now under
consideration.
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Blackburn Overlookers' Poundage.

Ordinary shirtings

Jaconets .

Twills

Staved work
Dhooties .

Dobbies .

Is. 4d. to Is. 5d.

Is. 4d. to Is. hd.

Is. 4cZ. to Is. Id.

Is. M. to Is. Sd.

Is. 4>d. to Is. 6d.

Is. hd. to Is. lOd

The above are not subject to the 10 per cent, reduction y

it having been previously deducted from the weavers'

Burnley Prices for Winding.

The net standard price for winding at Burnley is 6|c?.

for 20 lbs. of 32's twist, and the following table is an

arrangement therefrom

:

Counts.
Price for

lib.
Counts.

Price for
lib. Counts.

Price for
lib.

d, d. d. .

18's •2157 46's •4275 74's "6576

20 •2285 48 •4463 76 •6754

22 •2435 50 •457 78 •6932

24 •2608 52 •4753 80 •7109

26 •2773 54 •4936 82 •7287

28 •2929 56 •5033 84 •7465

30 •3093 58 •5213 86 •7643

32 •325 60 •5332 88 •7820

34 •3401 62 •551 90 •7998
,

36 •3547 64 •5687 92 •8176

38 •3686 66 •5865 94 •8353

40 •3839 68 •6043 96 •8531

42 •3988 70 •6221 98 •8709

44 •4134 72 •6398 100 •8887
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Burnley Prices for Looming and Drawing,

Recognized by the Twisters' Association.

NET PRICES FOR PLAINS.

Twisting 26's to 38's . . S^d. per 1,000 ends.

)» 16's to 24's and 40' s to 70's 4d. „ 55 5)

>»
under 16's . . . Hd. „ 5 55

55
over 70's to 100's . Hd. „ 5 55

Drawing up to 70's reeds . . 6d.
5 55

r>
70's to 100's • • • 6Ldl „ > »J

Burnley Overlooks RS' Poundage.

NET PRICES.

Plain cloths Is. Id. to Is. 3d.

Twills . Is. 3d. to Is. U.
Jeanettes Is. Sd. to Is. hd.

Dobbies . Is. 4iLd. to Is. 9d.

Splits . Is. 2d. to Is. Bds

Dhooties . Is. 3d.

Drills . Is. 3{-d.:

The above matter constitutes the current Uniform List.

Anything that may appear elsewhere in addition to it is

by way of elucidation or comment, and not blinding as an
integral part of the agreement. Space will not allow of

any comment or explanation.

The three following lists govern the other important

sections cf the weaving industry that do not come within

the scope of the Uniform List.

Coloured Goods Weaving.

The following is the standard of the Colne district list

(agreed to in 1890) for coloured goods, no change having
taken place since then up to the end of 1893 :

—
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The standard upon which the price for plain and striped

goods is based is as follows :

—

Cloth.—28, 29, or 30 inches in width.

Reed.—52 to 64 both inclusive, or 26 to 32 dents per

inch, two ends in a dent.

Length.-—74 yards of warp, 36 inches to the yard.

Weft.—16's or any finer counts.

Price.—l±d. per pick.

The standard upon which the price for checks is based

is 70 yards of warp, 2d, per pick ; in all other particulars

the same as the standard for plain and striped goods.

The standard of the list of prices—agreed to in 1802,

and still in operation without change—for coloured goods

for Radcliffe and district is as follows :

—

Cloth.—The list shall be based on cloth, 36 inches to

the yard, and 100 yards long.

Reed,—56 reed, i.e., 28 dents to the inch, and two ends

in a dent.

Width.-^27 to 30 inches measured on the counter in an

unfinished state as it comes from the Loom.
Weft,—20's or any finer counts.

Shuttles.—Two.
Looms.—Drop box.

Warps.—Full (or hand) dressed or sectional warps.

Price per pick, per i- inch

—

S'4d. or 2d. and 2-5ths, as

ascertained by wheel calculation with l-i. per cent, added

for contraction.

Velvet Weaving.

Velvet weaving is chiefly carried on in the Oldham
district, and in this trade a somewhat different principle

of arranging a standard list is adopted, the measurement

being by weight of weft rather than by picks. The list

was agreed to in 1888, but only the basis with allowances

for weft came into operation in that year, the full list not

being finally adopted until October, 1890. No change in

the list has taken place since its introduction.
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The basis of the list is as follows :

—

45 and 49 looms weaving 56's weft, Id. per lb.

519

50 „ 54 n 11 1 «***. „
55 „ 59 5? 11 1 &Hd. „
60 „ 64 11 11 1

6TV*. „
65 „ 69 11 11 J 6±d. „

70 „ 74 11 11 ? Hd. „

75 „ 79 11 11 5
6Ld. „

80 „ 84 11 11 1 Hd. „

85 „ 89 11 11 1
6d. „

Whenever the looms are narrower than the above table

•^d. per lb. shall be added for each range of 5 inches, and

if broader ±d. per lb. shall be deducted for each similar

range.

Quilt Weaving.

Quilts of various kinds are chiefly woven in the Bolton

District, and there is in operation a price list mutually

agreed to by employers and operatives through their

associations. The list for Toilet and Marseilles quilts

dates back tp January, 1862, but in 1890 a list of prices

for weaving Honeycomb, Alhambra, and Tapestry quilts

was added thereto.

The list, or basis for Honeycomb quilts woven with one

shuttle, is the shortest and simplest, and may be quoted

as a specimen.
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Counts of
Reed Width in

Reed
exclusive of

Fringe.

Picks
Counts of
Reed Width in

Reed
exclusive of

Fringe.

Picks
reckoned
1 end per

dent.

for ^th of a
Penny.

reckoned
1 end per

dent.

for ith of
a Penny.

Inches. Inches.

36 58 118 36 77 99
59 117 9J 78 98
60 116 J5 79 97
61 115

5 J
80 96

62 114 }5 81 95
63 113

) )
82 94

64 112 83 93
65 111

}J 84 92
66 110 J} 85 91
67 109 „ 86 90
68 108 ,, 87 89
69 107 >> 88 88
70 106 >> 89 87
71 105 >> 90 86
72 104 }> 91 85
73 103

} J
92 84

74 102
> J

93 83
75 101

J J
94 82

76 100

A 36 reed or 18 dents, being the standard, is made the

starting point:—Two picks to be added for J-th of a

penny for a decrease of eight counts of reed, and deducting

two picks for ith of a penny for an increase of eight

counts of reed.

The above prices are for honey combs with fringes,

Grecians, and honey combs without fringe, with a fret at

the ends to have 10 picks extra for |-th of a penny if there

is not more than 12 inches of empty reed space ; if there

is more than a total of 12 inches of empty reed space, to

be paid as fringed honey combs.

Coloured stripes in warp -|-th of a penny per quilt extra.

Coloured border in warp and weft i-d. per quilt extra.

Brocade stripes, 10 per cent, extra.

Any of the afore-mentioned quilts, if woven with a

second shuttle (drop box at one side only), to be paid
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10 per cent, extra, if woven with a third shuttle (drop box

at one side only) to be paid 20 per cent, extra.

Honey comb quilts woven with two shuttles (pick and

pick) to be paid 20 per cent, extra to one shuttle price,

three shuttles (pick and pick) 30 per cent, extra to one

shuttle price.

Specialties in Looms.

It will have been obvious that in tracing the development

of the loom in the preceding pages, it was impossible to follow

the subject into its side issues. To have done so would

have required almost another volume. These issues have

resulted in the invention and construction of specialties in

looms for almost every purpose and requirement con-

ceivable in connection with the textile industries. But
they cannot be described on account of the exigencies of

space. Still, as the reader may desire to know where

such looms may be obtained, the following notes on the

productions of the leading loom makers may be of service

in directing the quest.

Naturally loom making flourishes most in the great

weaving districts of Lancashire, and it is in the midst of

these that the principal loom-making establishments are

found.

Blackburn is a chief centre of the weaving trade of

Lancashire, and it has four important machine shops

making weaving and preparation machinery.

Messrs. Henry Livesey, Limited, have a large and
growing establishment, and make looms from 24 to

140-inch reed space in width. Besides making all classes

of looms suitable for the Lancashire trade, they make
many varieties and specialties suitable for home and
foreign markets, and with the adjuncts necessary for the

production of plain and figured fabrics in the various

types of tappet, dobby, and jacquard appliances. Check-
ing looms with rising and revolving boxes, and with the
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best and -most recently invented motions, including Eccles'

patent. Winding, warping, size-mixing, sizeing, and all

tlie machinery etceteras of the preparation department are

also included.

Messrs. John Dugdale and Sons is an old and well

known firm making the looms usually required in the

Lancashire weaving districts, and for districts abroad

engaged in the production of similar fabrics. The firm

also makes a number of specialties for various purposes,

including the Wright Shaw check loom described in de-

tail in the preceding pages. Preparation machinery of a

high quality is also included in their production.

Messrs. William Dickinson and Sons is another well

known and old-established firm of loom makers, whose

founder was the inventor of the " Blackburn loom," other-

wise known as the side-pick loom, which is the most ex-

tensively used of all picking methods. There are more

power-looms of this type than of all others put together.

This firm makes a good loom suitable for all classes of

Lancashire cotton goods. It also makes winding, warping,

and sizing machinery with the latest improvements in

details.

Messrs. Willan and Mills is another well known firm

of loom makers which has been in the business for about

half a century. This firm makes the several varieties of

looms in request by the Lancashire trade, and for markets

abroad producing similar classes of goods. Plain, twill,

check, and looms for the production of figured goods,

with all sorts of adjuncts for the production of variety of

effects are included. Also preparation machinery.

Burnley is another great centre of weaving in Lanca-

shire, the productions of which differ somewhat from those

of Blackburn. The specialty loom of this district is a

light, narrow, quick-running loom, making about 240 to

260 picks per minute, and mainly employed for the pro-

duction of the light printing cloths for which the town has

a great reputation.
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Messrs. Butterworth and Dickinson, a loom-making
firm in this town, have attained a high reputation for

their weaving machinery. They make all descriptions of

looms for cotton, linen, worsted, woollen, and silk goods

in all widths, and with loose or fast reeds ; and revolving

and drop-box looms, including the " Eccles patent." The
preparation machinery includes several specialties, amongst
which may be mentioned Bethel's sectional warping machine

previously described in detail, warp balling machines, and

ball warp beaming machines ; and with the sizing machine
several of the firm's patented improvements.

Messrs. Howard and Bullough, Accrington, the great

cotton-spinning machinery makers, make preparation ma-
chinery for the weaving department. In this department they

have many important specialties in inventions relating to

warping and sizeing machines, especially the latter. Some
of these have been already described in detail in the pre-

ceding chapters. This firm also supplies looms of all

kinds.

The town of Bury is the centre of another great weaving
district, differing considerably from the two already men-
tioned. The fabrics produced in this district are light

and heavy woven coloured goods, cotton velvets, vel<-

veteens, cords, moleskins, cotton and union ticks, and
many varieties which cannot be enumerated. The looms

for these classes, which form a large variety, are mainly

made in Bury and neighbourhood.

It is in Bury that the most remarkable specialties in

looms are made, these being for almost every conceivable

purpose, and for every specialty in textile fabrics required

in all the textile industries, both in and outside of the

cotton trade.

The firm of Messrs. Robert Hall and Sons, Bury,

Limited, besides all the ordinary types of looms, make
the following specialties for cotton fabrics :—Sponge
cloth and cross-weaving looms ; needlework netting

looms ; cotton belting and hose-pipe looms ; cotton^
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blanket and sheeting looms ; canvass looms ; Alhambra
quilting, toilet, and pique looms ; Marseilles quilt

looms ; corset cloth looms
;

pick-and-pick looms ; drop

and circular box looms; cotton trousering looms; dobbj
and jacquard looms ; candlewick and tape looms ; sail-

cloth looms ; sugar-bag looms ; Turkish towel looms
;

and paper machine cotton-felt looms. This firm also

make all sorts of specialties in looms for the other textile

industries. Preparation machinery in numerous special-

ties is also produced in their establishment.

Messrs. Hacking and Co., of the same town, make all

kinds of specialties in looms required to make a some-

what lighter type of goods. These include looms for

weaving all kinds of fustian goods ; for strong linen and
cotton goods ; nankeens ; drills ; cotton, union, and linen

ticks; huckabacks; regattas and drabbetts ; under and
overpick looms for light and heavy ginghams and checks

;

handkerchiefs
;
plain and fancy silk goods ; drop and

circular box looms ; looms for leno, gauze, and cross-

bordered goods ; lappet, pick-and-pick, and dobby and
jacquard looms for all kinds of figured goods.

Messrs. Piatt, Brothers, and Co., Limited, Oldham, are

extensive makers of high class looms chiefly for the heavy

classes of cotton goods. They have alsp a recently-in-

vented specialty, a loom for weaving coloured bordered

goods with grey or different coloured centres. The borders

are filled with wefts of a different colour from that of the

centre. Briefly described, the loom may be called a triple

loom, consisting of a wide centre loom of the usual type,

having a ribbon loom attached at each end of the centre

lay. The junction of the borders with the centre cloth is

easily effected. This loom was fully described and illus-

trated in the " Textile Mercury " of August 11th, 1894.

Messrs. Smith Brothers, Heywood, make looms similar

to those made in Bury.

Messrs. Richardson, Tuer, and Co., make the classes of

looms generally in use in the South Lancashire district
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for weaving plain and fancy fabrics, suck as heavy toilets,

quilts, fustians, cords, moles, velvets, heavy and light

checks, ginghams, and twills. Also the adjuncts suitable

for such looms, pirn winding machines, etc.

So varied are the requirements of the manufacturing

division of the cotton trade that they have led to the sub-

division of the business of making the necessary machinery

in several instances. These are in : winding machinery
^

loom temples, jacquards, shuttles, pickers, healds, reeds,

and the leather furniture of looms. Sizeing flours and
chemicals also form important adjuncts.

Mr. Joseph Stubbs, Manchester, is a well known maker
of every description of yarn winding and reeling machinery,

including a great number of specialties for single, double,

and many fold thread winding, gassing, bundling, etc.

Messrs. John Horrocks and Sons' is an old-established

firm of winding machine makers, producing stop-motion

drum doubling winding, re-winding, and cross-winding

machines, and cup, quill, and pirn winding machines.

Messrs. Brooks and Doxey, makers of cotton-spinning

machinery, have also some specialties in winding machinery,

amongst which may specially be mentioned the Hill and
Brown patent winding machine for winding yarn upon
paper tubes and dispensing with flanged bobbins.

Mr. Thomas Coleby's patent reels and bundling press

have already been described.

Messrs. J^ and T. Boyd, Shettleston Ironworks, near

Glasgow, is another eminent firm, making all classes of

winding and twisting machinery, including numerous
specialties for the cotton and other textile industries.

There is one indispensible adjunct of the loom which we
find has not received the notice it deserves in the preced-

ing pages. This is the " temple," the instrument which
keeps the cloth expanded during the weaving process to a

width as nearly as possible coincident to that of the warp
in the reed. This is necessary to prevent the edge threads

of the warp being broken, or pulled in so as to narrow the
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cloth by the drag of the weft as it is being inserted.

There are a very large variety of these temples, as will

readily be conjectured from the immense variety of fabrics

made. The manufacture of these has also become a special

business.

Messrs. Lupton Brothers, Accrington, are large makers

of temples, having several hundred varieties for the cotton

and the other textile industries. The types are mainly

the roller, ring, segment, and star kinds, with numerous
modifications in each.

Messrs. J. Blezard and Sons, Padiham, is an old-estab-

lished firm of temple makers, making numerous varieties

for the various branches of the textile trades.

The Jacquard is an important adjunct of fancy weaving,

and the making of these has also developed into an inde-

pendent business. The principal makers are : Messrs.

Devoge and Co., Manchester, Mr. James McMurdo,
Manchester.

There are also adjuncts to the Jacquard machine,

namely, card cutting and card lacing machines. Messrs.

William Ayrton and Co., Manchester, make these machines.

Messrs. The Singer Manufacturing company, the great

sewing machine makers, make a card lacing machine.

The other special businesses that have grown out of

efforts to supply the ever-increasing wants of the prin-

cipal trade do not call for detailed notice.

The particular mention here made of the leading firms

is due to and is given in recognition of the facilities they

have accorded and the information they have given to the

writer in the preparation of this work, which is now com-

mitted to the classes of readers for whom it has been

mainly written, in the hope and trust that the informa-

tion given will be found both interesting, instructive, and

suggestive of further improvements.

THE END.
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Chaining - machine, the, 293,

295 ; illustration of, 294.

China clay, 451, 452, 463.
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Duncan, John, his suggestions

on sizeing, 327.

East India Company, its in-

fluence on weaving, 48, 49.

East Lancashire as a typical

weaving district, 388, 405.

Eastwood, Mr. James, his in-

vention, 455, 456.

Egyptian loom, illustration of,

21.
-— vertical loom, 23.
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Farina, 446.

Farnworth, staple industry of,

263.

Fast reed loom, the modern,
illustration and description

of, 165, 166.

Five-shaft twill, designs and
drafts of, 115, et seq.
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M M
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trations of, 242, 243.

the, setting of various
parts of, 433, et seq. ; testing,

431, 432 ; taking up gear of,

433, 434.
—— the, the " Temple " of, 525,

526.

Looms, specialities in, 521.

Lupton Bros., Messrs. r 526.

Maize flour, 445.

Managem ent, hints on, 468, etseq.
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Paraffin, 450.

Parkinson, Andrew, his patent,
94.

Pickers, andhow to seasonthem,
431.

Pickles, Mr. Robert, inventor
of original check strap, 98.

Pickles' taking-up gear, 435.
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Plating machine, illustrated,

437.

Piatt, Bros, and Co., Ltd.,

Messrs., 524.
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matic-stopping beaming-ma-
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of, 7.
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seq.

Steam engine, the, 377 ; illus-

tration of, 378.

Steaming Act, The, 488, 489.
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6.

Stubbs, Mr. J., 525.

Sumatra, loom of, 9.
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340.
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263.
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Tallow, 449.

Tape-sizeing machine, 333, et

seq. ; views of original, 336.

Taylor, Joseph and Peter, their
invention, 71.

Ten -shaft twill, designs and
drafts of, 125, et seq.

Testing counts, 399, 404, 405.
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tract, from, 213, et seq.,

319.
" Textrinum Antiquorum," 10.
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18 ; description of, 19, 20, et

seq.

Three-shaft twill, designs and
drafts of, 111, 112, 113.
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Todd, John, his improvements,
70.

Trade, of coloured
_
goods,

method of warping in, 282,

283.
" Treatise on Weaving," illus-

tration from, 329.

Twist tester, illustration of, 404.

Uniform List, the, copy of, 497,

et seq. ; time of coming into

operation, 509 ; conferences
of, 509.

Ure, Dr., 73, 91, 96 ; elaborates
Johnson's definition, 10.

Velveteens, 136, et seq. ; designs
of, 137, 140.

Velvets, 135, etseq. ; designs of,

137, 140.

Velvet weaving, 518.

Walmsley, John, 339.

Warehouse, the, description of,

435, et seq. ,477.
Warp-dressing machine, new

coloured, 290, 291.

Warp, the pacing of, 433

;

slackener, 147.

Warping machine, illustration

of, 283 ; description of, 283,

et seq. ; improved loose warp-
ing machine, 288.

Warping, the process, 245, et

seq. ; ancient Indian system
of, 250 ; illustration of ancient
English process, 251.

definition of, 412 ; de-
scription of, 420, et seq.

Weave cloth, design of, 104

;

ornamentation of, 107, 108.

the plain, 108 ; design of,

109 110.

Weaver, the, his duties, 173,
174.

Weavers, a good class necessary,
476.

Weaving, the principles of,

99, et seq. ; construction of

threads, 103 ; antiquity of,

14, 189 ; origin of, 12, 13, et
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tion of, 353, et seq. ; plan of,

362 ; definition of, 412, 413 ;

description of, 430, et seq.

Weber, Dr. C. O., his paper on
dyeing, 319.

Wheat Hour, 444.

Wheel-gearing, 363.

White, his definition of weav-
ing, 11.

Whittaker, David, 339.

Willan and Mills, Messrs. , 522.

Winders' wages, 413 ;
yarn,

413.

Winding, 414, 415 ; the process
of, 245, et seq. ; machines,
256, 257 ; illustration of, 258,

263 ; master, his functions,

472, 473 ; definition of, 412

;

weft yarns on pirns, 415, 416.

Woodcroft's section tappets,
1S1 ; illustration of, 183.

Woven fabrics, analysis and
dissection of, 159, et seq. ;

illustration of, 162.

Wrigley, Mr. T., his improved
ring spindle, 247, 248 ; his

automatic stoker feeder, 372,

374.

Yarn bundling press, illustra-

tion of, 271.

Yarn, bleaching and dyeing of,

297, et seq. ; bleaching kier,

illustrations of, 300, 302.

Yarns, conditioning of, 410

;

illustration of in cop and
bobbin forms, 247.

Yarn store, the, described, 392
;

the selection of proper quali-

ties of, 390, 391 ;
purchase of,

392, 393
;
general qualities of,

393 ; testing of, 393, 394, 400 j

testing strength of, 406 ;

tester, the, 394; 395 ; illustra-

tion of, 398, et seq., 401, 403,

409.
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the success it deserves in its efforts on behalf of technological education."

—

Printing
Times and Lithographer.

"There is much about it which pleases us. . . . It is well printed and well illus-

trated. . . . He has written tersely and to the point."

—

Printers' Register.

BOOKBLNDLNG. A Practical Treatise on the Art. By J. W.
Zaehnsdorf. With 8 coloured Plates and numerous diagrams.

Second Edition, Revised. $s.

"No more competent writer upon his art could have been found. . . . An excellent

example of a technical text-book."

—

Industries.
" To professional as well as amateur binders it may confidently be recommended."

—

Paper and Printing Trades Journal.

PLUMBING: ITS THEORY AND PRACTICE.
By S. Stevens Hellyer. Author of " The Plumber and Sanitary

Houses," " Lectures on the Science and Art of Sanitary Plumbing,"

&c. With Illustrations. $s.

"A work which should be in the hands of every intelligent plumber during his.

leisure moments."

—

Morning Post.
" Will be a useful addition to the shelves of the architect's library, and ought to take

a place in technical instruction in our science schools."

—

Building News.

SILK D YEING. By G. H. Hurst, F.C.S., Lecturer at the

Manchester Technical School, Member of the Society of Chemical

Industry, Silver Medallist, City and Guilds of London Institute.

With numerous Coloured Patterns. Js. 6d.

" Will be the standard text-book on silk dyeing for many years to come."

—

Textile

Mercury.
"The book may be recommended as a handy book of reference not only to the

practical dyer and his apprentice, but also for the student and teacher in technical schools

where silk dyeing is taught."

—

Nature.

SOAP MANUFACTURE. A Practical Treatise on the

Fabrication of Hard and Soft Soaps, and Analytical Methods for the

determination of their Chemical Composition : together with a short

account of the materials employed. By W. Lawrence Gadd, F.I.C.,

F.C.S., Registered Lecturer on Soap Making, and the Technology of

Oils and Fats ; also on Bleaching, Dyeing, and Calico Printing, to

the City and Guilds of London Institute. $s.



"THE SPECIALISTS' SERIES."
A New Series of Handbooks for Students and Practical Engineers.

Crown 8vo, cloth. With many Illustrations.

ELECTRIC TRANSMISSION OF ENERGY, and its

Transformation, Subdivision, and Distribution. A Practical Hand-
book by Gisbert Kapp, C.E., Member of the Council of the In-

stitution of Electrical Engineers, &c. With numerous Illustrations.

Third Edition, thoroughly revised and enlarged. t s. 6d.

" We cannot speak too highly of this admirable book, and we trust future editions
will follow in rapid succession."

—

Electrical Review.

HYDRA ULIC MOTORS : Turbines and Pressure Engines.
For the use of Engineers, Manufacturers, and Students. By G. R.

Bodmer, A.M. Inst. C.E. With numerous Illustrations. \\s.

" The best text-book we have seen on a little-known subject."

—

The Marine Engineer.
" Mr. Bodmer's work forms a very complete and clear treatise on the subject of

hydraulic motors other than ordinary water-wheels, and is fully up to date."

—

Industries.

THE TELEPHONE. By W. H. Preece, F.R.S., and J.
Maier, Ph.D. With 290 Illustrations, Appendix, Tables, and full

Index. 1

2

j. 6d.

Mr. Rothen, Director of the Swiss Telegraphs, the greatest authority on Telephones
on the Continent, writes :

—" Your book is the most complete work on the subject which
has as yet appeared ; it is, and will be for a long time to come, the book of reference for

the profession."

ON THE CONVERSION OF HEAT INTO WORK.
A Practical Handbook on Heat-Engines. By William Anderson,
M.Inst. C.E. With 61 Illustrations. Third Edition. 6s.

"The volume bristles from beginning to end with practical examples culled from
every department of technology. In these days of rapid book-making it is quite refresh-

ing to read through a work like this, having originality of treatment stamped on every
page."

—

Electrical Review.

ALTERNATING CURRENTS OF ELECTRICITY.
By Thomas H. Blakesley, M.A., M.Inst.C.E. Third Edition,

enlarged. 5s.

" It is written with great clearness and compactness of statement, and well maintains
the character of the series of books with which it is now associated."

—

Electrician.

BALLOONING : A Concise Sketch of its History and
Principles. From the best sources, Continental and English. By G.
May. With Illustrations. 2s. del.

SEWAGE TREATMENT, PURIFICATION, AND
UTILIZA T10N. A Practical Manual for the Use of Corporations,

Local Boards, Medical Officers of Health, Inspectors of Nuisances,

Chemists, Manufacturers, Riparian Owners, Engineers, and Rate-
payers. By J. W. Slater, F.E.S., Editor of "Journal of Science."
With Illustrations. 6s.

"The writer in addition to a calm and dispassionate view of the situation, gives two
chapters on 'Legislation' and ' Sewage Patents.'"

—

Spectator.



A TREATISE ON MANURES ; or, the Philosophy of
Manuring. A Practical Handbook for the Agriculturist, Manufac-
turer, and Student. By A. B. Griffiths, Ph.D., F.R.S. (Edin.),

F.C.S. Second Edition, Revised. Js. 6d.

"We gladly welcome its appearance as supplying a want long felt in agricultural

literature, and recommend every farmer and agricultural student to possess himself with a
copy without delay."

—

Farm and Home.

COLOUR IN WOVEN DESIGN. By Professor Roberts
Beaumont, of the Textile Industries Department, The Yorkshire
College. With 32 Coloured Plates and numerous Illustrations. 21s.

"An excellent work on the application of colour to woven design."

—

Textile
Man ufacUt-rer.

"The illustrations are the finest of the kind we have yet come across, and the pub-
lishers are to be congratulated on the general excellence of the work."

—

Textile Merciiry.

LIGHTNING CONDUCTORS AND LIGHTNING
GUARDS. By Oliver J. Lodge, LL.D., D.Sc, F.R.S., M.I.E.E.,
Lyon Jones Professor of Experimental Physics in the University

College, Liverpool. With numerous Illustrations. 15^.

" How they are essential, and in what manner they may be made most effective, is

elaborately shown in the Professor's comprehensive and most instructive treatise, which is

the work of one of our best authorities on modern theories of electricity and their practical

application.— Times.
"There is probably no one who knows more about lighting conductors than Dr.

Lodge. "

—

Inditstries.

THE DYNAMO. By C. C. Hawkins, M.A., A.Inst.E.E.,
and F. Wallis, A.Inst.E.E. {Immediately.

THE MANAGEMENT OF ACCUMULATORS. By
Sir D. Salomons. $s.

ELECTRIC LIGHT CABLES, AND THE DISTRI-
BUTION OF EI^ECTRICITY. By Stuart A. Russell,
Assoc. M. Inst. C.E., M.I.E.E. With 107 Illustrations. 7s. 6d.

" A more thorough book could not have been written."

—

Electrician.

THE ALKALI-MAKERS 1 HANDBOOK. Tables and
Analytical Methods for Manufacturers of Sulphuric Acid, Nitric Acid,

Soda, Potash, and Ammonia. By George Lunge, Ph.D., and Fer-
dinand Hurter, Ph.D. Second Edition, Enlarged and thoroughly

Revised. In crown 8vo, with Illustrations, \os. 6d. ; half leather, I2jt.

" It is an excellent book, and ought to be in the hands of every chemist."— Professor

J. Hummel.

THE DRAINAGE OF HABITABLE BUILDINGS.
ByW. Lee Beardmore, Assoc. M. Inst. C.E., Member of Council and
Hon. Sec. of the Civil and Mechanical Engineers' Society. Illus-

trated. $s.

" Gives in a small compass a large amount of useful information."

—

Inditstries.
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POETRY.
Aide (Hamilton). Songs without Music. 3rd edition. With ad-

ditional Pieces. Fcap. 8vo. 5s.

Ashe (Thomas). Poems. Complete edition, in one volume, double
columns. Crown 8vo. 10s. 6d.

Barry Cornwall. English Songs and Lyrics. 2nd edition. Fcap.
8vo. 6s.

Bridges (R.) Shorter Poems. 4th edition. Fcap. 8vo. 5s. net.

A Series of Plays. Fcap. 4to. printed on hand-made paper,
double columns, paper wrappers, each 2s. 6d. net (except No. 8). The eight
Plays are paged consecutively, and are intended to form a Volume :—

1. NERO. The First Part. History of the first five years of Nero's reign

;

with the Murder of Britannicus to the Death of Agrippina.
[Out of -print at present.

2. PALICIO. A Romantic Drama in Five Acts, in the Elizabethan manner.
3. THE RETURN OF ULYSSES. A Drama in Five Acts, in a mixed

manner.
4. THE CHRISTIAN CAPTIVES. A Tragedy in Five Acts, in a mixed

manner, without change of scene.

5. ACHILLES IN SCYROS. A Drama in Five Acts, in a mixed manner,
without change of scene.

6. THE HUMOURS OF THE COURT. A Comedy in Three Acts, in the
Spanish manner.

7. THE FEAST OF BACCHUS. A Comedy in Five Acts, in thft Lsjbtin

manner, without change of scene.

8. NERO. The Second Part. In Five Acts : comprising the Conspiracy of
Piso to the Death of Seneca, in the Elizabethan manner. 3s. net, with general
title-page, &c, for the volume.
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Bridges (R.) Eros and Psyche : A Poem in Twelve Measures. The
Story done into English from the Latin of Apuleius. 2nd edition revised.

Fcap. 8vo. 5s. net.

Prometheus the Firegiver. [Out of print.

Achilles in Scyros. New Edition. Fcp. 8vo. 2s. 6cZ. net.

Eden. A Cantata in Three Acts, set to music by C. Villiers

Stanford. Words only, by Robert Bridges. 2s. net.

Browning's Strafford. With Notes by E. H. Hickey, and an Intro-

duction by S. R. Gardiner, LL.D. 2nd edition. Crown 8vo. 2s. 6d.

Handbook to Robert Browning's Works. By Mrs. Suther-
land Orr. 6th edition, with additions and full bibliography. Fcap. 8vo. 6s.

Stories from Robert Browning. By Frederic M. Holland.
With an Introduction by Mrs. Sutherland Orr. Wide fcap. 4s. 6d.

Calverley (0. S.) Works by the late C. S. Calverley, M.A„ late Fellow
of Christ's College, Cambridge.

Uniform Edition in 4 vols. Crown 8vo.

Vol. I. LITERARY REMAINS, with Portrait and Memoir. Edited by
Walter J. Sendall. 3rd edition. 10s. 6d.

Vol. II. VERSES AND FLY LEAVES. 3rd edition. 7s. 6d.

Vol. III. TRANSLATIONS into English and Latin. 3rd edition. 7s. 6d.

Vol. IV. THEOCRITUS, in English Verse. 3rd edition. 7s. 6d.

Original Editions.

FLY LEAVES. 17th edition. Fcap. 8vo. 3s. 6d.

VERSES AND TRANSLATIONS. 14th edition. 5s.

De Vere (Sir Aubrey). Mary Tudor : an Historical Drama, in Two
Parts. By the late Sir Aubrey De Vere. New edition. Fcap. 8vo. 5s.

De Vere (Sir Stephen). Translations from Horace. By Sir
Stephen E. De Vere, Bart. 3rd edition enlarged. Imperial 16mo. 7s. 6d. net.

Fanshawe (R.) Two Lives. A Poem. By Beginald Fanshawe,
M.A. 4s. 6d. net.

Ferguson (Sir S.) Congal: A Poem in Five Books. By the late
Sir Samuel Ferguson, Knt., Q.C., LL.D., P.R.I.A. Fcap. 8vo. 2s.

Poems. Demy 8vo. 7s. 6d.

Field (Michael). Underneath the Bough. A Book of Verses.
2nd edition. Royal 16mo. 4s. 6ct. net.

Callirrhoe, Fair Rosamund. 2nd edition. Crown 8vo.
parchment cover, 6s,

Canute the Great ; a Cup of "Water. Two Plays. Crown
8vo. 7s. 6d.

The Father's Tragedy ; William Rufus ; Loyalty or Love ?

Crown 8vo. parchment cover, 7s. 6d.

The Tragic Mary. On hand-made paper, bound in brown
boards, with Design by Selwyn Image, imperial 16mo. 7s. 6d. net.

Large-paper Edition, on Whatman's paper, bound in vellum, with design
in gold, 60 copies only (numbered), fcap. 4to. 21s. net.
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Lang (Andrew). Helen of Troy. A Poem. 5th edition. Wide
fcap. 8vo. cloth, 2s. 6d. net.

Patmore (Coventry). Poems. Collective Edition in 2 vols. 5th
edition. Fcap. 8vo. 9s.

The Unknown Eros, and other Poems. 3rd edition. Fcap.
8vo. 2s. 6d.

The Angel in the House. 6th edition. Fcap. 8vo. 2s. &d.

Procter (A. A.) Legends and Lyrics. By Adelaide Anne Procter.
With Introduction by Charles Dickens. New edition, printed on hand-made
paper. 2 vols, pott 8vo., extra binding, 10s.

Original Edition. First Series. 69th thousand. 2s. 6d. Second Series.

61st thousand. 2s. 6d.

Ckown 8vo Edition. With new portrait, etched by C. 0. Murray, from
a Painting by E. G-aggiotti Richards. 19th thousand. Post 8vo. cloth, gilt

Cheap Edition, with 18 Illustrations, double columns. 2 Series. 30th
thousand. Fcap. 4to. paper cover, Is. each ; or in 1 vol. cloth, 3s.

The Procter Birthday Book. Demy 16mo. Is. 6d.

Rickards (M. S. C.) Lyrics and Elegiacs. By Marcus S. C.
Richards. Crown 8vo. 4s. net.

Poems of Life and Death. Crown 8vo. 4s. 6d. net.

Sweetman (E.) The Footsteps of the Gods, and other Poems.
Crown 8vo. 6s. net.

Tennyson (Lord). A Key to Tennyson's 'In Memoriam.' By
Alfred Gatty. D.D., Vicar of Ecclesfield and Sub-Dean of York. Fourth
edition, with Portrait of Arthur Hallam, 3s. 6d.

Handbook to Lord Tennyson's Works. By Morton Luce.
With Bibliography. Fcap. 8vo. 6s.

Trevelyan (Sir G. O.) The Ladies in Parliament, and other Pieces.
Republished, with Additions and Annotations. By Sir George Otto Trevelyan.
Crown 8vo. Is. 6d.

Waddington (S.) A Century of Sonnets. Fcap. 4to. 4s. M.

Beaumont and Fletcher, their finest Scenes, Lyrics, and other
Beauties (selected), with Notes and Introduction by Leigh Hunt. Small
post 8vo. 3s. 6d.

Butler's Hudibras, with Variorum Notes, a Biography, and a General
Index, a Portrait of Butler, and 28 Illustrations. Small post 8vo. 5s.

Chaucer's Poetical Works. With Poems formerly printed with his
or attributed to him. Edited, with a Memoir, Introduction, Notes, and a
Glossary, by Robert Bell. Revised, with a Preliminary Essay by Rev. Prof.
Skeat, M.A. With Portrait. 4 vols, small post 8vo. 3s. 6d. each.

Greene, Marlowe, and Ben Jonson, Poems of. Edited, with
Critical and Historical Notes and Memoirs, by Robert Bell. Small post
8vo. 3s. 6d.

Milton's Poetical Works. With a Memoir and Critical Eemarks by
James Montgomery, an Index to Paradise Lost, Todd's Verbal Index to all

the Poems, and a Selection of Explanatory Notes by Henry G. Bohn. Illus-

trated with 120 Wood Engravings by Thompson, Williams, O. Smith, and
Linton, from Drawings by W. Harvey. 2 vols, small post 8vo. 3s. 6d. each.
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Pope's Poetical Works. Edited, with copious Notes, by Eobert
Carruthers. 2 vols. with, numerous Illustrations, small post 8vo. 10s.

Homer's Iliad and Odyssey. With Introduction and Notes
by the Rev. J. S. Watson, M.A. Illustrated by the entire Series of Flaxman's
Designs, 2 vols, small post 8vo. 5s. each.

Sheridan's Dramatic Works. Complete. With Life by G. G. S.,
and Portrait, after Reynolds. Small post 8vo. 3s. 6d.

Shakespeare. Dramatic Works. Edited by S. W. Singer. With
a Life of Shakespeare by W. W. Lloyd. Uniform with the Aldine Edition of
the Poets. In 10 vols. fcap. 8vo. cloth, 2s. 6d. each.

Plays and Poems. With Notes and Life by Charles Knight.
Royal 8vo. 10s. 6d.

Pocket Volume Edition. Comprising all his Plays and Poems.
Edited from the First Folio Edition by T. Keightley. 13 vols, royal 32mo. in
a cloth box, price 21s.

Critical Essays on the Plays. ByW. W. Lloyd. Uniform
with Singer's Edition of Shakespeare, 2s. 6d.

Lectures on Shakespeare. By Bernhard ten Brink. Trans-
lated by Julia Franklin. Small post 8vo. 3s. 6d.

Shakespeare's Dramatic Art. The History and Character of

Shakespeare's Plays. By Dr. Hermann Ulrici. Translated by L. Dora
Schmitz. 2 vols. sm. post 8vo. 3s. 6d. each.

Shakespeare : A Literary Biography by Karl Elze, Ph.D.,
LL.D. Translated by L. Dora Schmitz. Sm. post 8vo. 5s.

Coleridge's Lectures on Shakespeare, &c. Edited by T.
Ashe. Sm. post 8vo. 3s. 6c?.

Hazlitt's Lectures on the Characters of Shakespeare's
Plays. Sm. post 8vo. Is.

Jameson's Shakespeare's Heroines. Sm. post 8vo. 3s. &d.

Lamb's Specimens of English Dramatic Poets of the Time of
Elizabeth. With Notes, together with the Extracts from the Garrick

Plays. Sm. post 8vo. 3s. 6d.

Ballads and Songs of the Peasantry of England, taken down from
oral recitation, and transcribed from private manuscripts, rare broadsides,

and scarce publications. Edited by Robert Bell. Sm. post 8vo. 3s. 6d.

Percy's Reliques of Ancient English Poetry. Collected by Thomas
Percy, Lord Bishop of Dromore. With an Essay on Ancient Minstrels, and a
Glossary. A new edition by J. V. Prichard, A.M. 2 vols. Sm. post 8vo. 7s.

English Sonnets by Living Writers. Selected and arranged, with
a Note on the History of the Sonnet, by S. Waddington. 2nd edition,

enlarged. Fcap. 8vo. 2s. 6d.

English Sonnets by Poets of the Past. Selected and arranged by
S. Waddington. Fcap. 8vo. 2s. Gd.

Who Wrote It? A Dictionary of Common Poetical Quotations in
the English Language. 4th edition. Fcap. 8vo. 2s. 6d.

Bohn's Dictionary of Quotations from the English Poets, arranged
according to subjects. 4th edition. Post 8vo. 6s.
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THE ALDINE EDITION
BRITISH POETS.

'This excellent edition of the English classics, with their complete texts and
scholarly introductions, are something very different from the cheap volumes of
extracts which are just now so much too common.'—St. James's Gazette.

' An excellent series. Small, handy, and complete.'

—

Saturday Review.

New Editions, fcap. 8vo. 2s. 6d. each net.

Akenside. Edited by Kev. A. Dyce.

Beattie. Edited by Kev. A. Dyee.

Edited by W. M. Eossetti.

Edited by G. A. Aitken.

Edited by E. B. Johnson.

*Blake.

*Burns.
3 vols.

Butler.
2 vols.

Campbell. Edited by his son-in-
law, the Rev. A. W. Hill. With Memoir
by W. Allingham.

Chatterton. Edited by the Eev.
W. W. Skeat, M.A. 2 vols.

Chaucer. Edited by Dr. E. Morris,
with Memoir by Sir H. Nicolas. 6 vols.

Churchill. Edited by Jas. Hannay.

Edited by T. Ashe,

by W. Moy

Edited by J. Potter
[Preparing.

Edited by Dr. Bradshaw.

Kirke White.
Briscoe.

Milton.
3 vols.

Parnell. Edited by G. A. Aitken.

Pope. Edited by G. E. Dennis.
With Memoir by John Dennis. 3 vols.

Prior. Edited by E. B. Johnson.
2 vols.

Raleigh and Wotton. With Se-
lections from the Writings of other
COURTLY POETS from 1540 to 1650.
Edited by Yen. Archdeacon Hannah,

Edited by Edward Bell,

by John Dennis.

Edited by

Buxton

*Coleridge.
B.A. 2 vols.

Collins. Edited
Thomas.

Cowper. Edited by John Bruce,
F.S.A. 3 vols.

Dryden. Edited by the Eev. E.
Hooper, M.A. 5 vols.

Falconer. Edited by the Eev. J.

Mitford.

Goldsmith. Edited by Austin
Dobson.

*G-ray. Edited by J. Bradshaw,
LL.D.

Herbert. Edited by the Eev. A. B.
Grosart.

*Herrick. Edited by George Saints-
bury. 2 vols.

*Keats. Edited by the late Lord
Houghton.

* These volumes may also be had bound in Irish linen, with design in gold on side
and back by Gleeson White, and gilt top, 3s. 6d. each net.

D.C.L.

Rogers.
M.A.

Scott. Edited
5 vols.

Shakespeare's Poems.
Rev. A. Dyce.

Shelley. Edited by H.
Forman. 5 vols.

Spenser. Edited by J. Payne Col-
lier, 5 vols.

Surrey. Edited by J. Yeowell.

Swift. Edited by the Eev. J.
Mitford. 3 vols.

Thomson. Edited by the Eev. D.
C. Tovey. 2 vols. [Preparing.

Vaughan. Sacred Poems and Pious
Ejaculations. Edited by the Rev. H.
Lyte.

Wordsworth. Edited by Prof.
Dowden. 7 vols.

Wyatt. Edited by J. Yeowell.

Young. Edited by the Eev. J.

Mitford. 2 vols.
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BIOGRAPHY AND HISTORY.
Memorials of the Hon. Ion Keith-Falconer, late Lord Almoner's

Professor of Arabic in the University of Cambridge, and Missionary to the
Mohammedans of Southern Arabia. By the Rev. Robert Sinker, D.D.,
Librarian of Trinity College, Cambridge. With new Portrait. 6th and
popular edition. Crown 8vo. 2s. 6d.

A Memoir of Edward Steere, Third Missionary Bishop in Central
Africa. By the Rev. R. M. Heanley, M.A. With Portrait, Four Illustrations,

and Map. 2nd edition, revised. Crown 8vo. 5s.

Life of Dean Colet, Founder of St. Paul's School. By the Bev. J. H.
Lupton, M.A., Surmaster of St. Paul's School. With an Appendix of some of

his English Writings, and Portrait. Demy 8vo. 12s.

George Alexander Macfarren. His Life,Works, and Influence. By
Professor H. C. Banister. With Portrait. Post 8vo. 5s.

Robert Schumann. His Life and Works. By August Beissmann.
Translated by A. L. Alger. Sm. post 8vo. 3s. 6d.

Schumann's Early Letters. Translated by May Herbert. With a
Preface by Sir George Grove, D.O.L. Sm. post 8vx>. 3s. 6d.

William Shakespeare. A Literary Biography by Karl Elze, Ph.D.,
LL.D. Translated by L. Dora Schmitz. Sm. post 8vo. 5s.

Boswell's Life of Johnson, with the Tour in the Hebrides, and
Johnsoniana. New edition, with Notes and Appendices by the late Rev.
Alexander Napier, M.A., Trinity College, Cambridge, Vicar of Holkham,
Editor of the Cambridge Edition of the ' Theological Works of Barrow.'
With Steel Engravings. 5 vols. Demy 8vo. 31. ; or in 6 vols. sm. post 870.
3s. 6d. each.

Johnson's Lives of the Poets. Edited, with Notes, by Mrs. Alex-
ander Napier, and an Introduction by Professor J. W. Hales, MA. 3 vols.

Sm. post 8vo. 3s. 6d. each.

North's Lives of the Norths: Bight Hon. Francis North, Baron
Guildford, the Hon. Sir Dudley North, and the Hon. and Rev. Dr. John
North. Edited by A. Jessopp, D.D. With 3 Portraits. 3 vols. Sm. post 8vo.
3s. 6d. each.

Vasari's Lives of the most Eminent Painters, Sculptors, and
Architects. Translated by Mrs. J. Foster, with Notes. 6vols. Sm. post8vo.
3s. 6d. each.

Walton's Lives of Donne, Hooker, &c. New edition, revised by
A H. Bullen. With numerous illustrations. Sm. post 8vo. 5s.

Helps (Sir Arthur). The Life and Labours of the late Thomas
Brassey. 7th edition. Sm. post 8vo. Is. 6d.

The Life of Hernando Cortes, and the Conquest of Mexico,
Dedicated to Thomas Carlyle. 2 vols. Crown 8vo. 15s.

The Life of Christopher Columbus, the Discoverer of America.
10th edition. Crown 8vo. 6s.

The Life of Pizarro. With some Account of his Associates
in the Conquest of Peru. 3rd edition. Crown 8vo. 6s.

The Life of Las Casas, the Apostle of the Indies. 5th edition.
Crown 8ro.
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Irving (Washington). Life of Oliver Goldsmith. Is.

Life and Voyages of Columbus and his Companions.
2 vols. With Portraits. 3s. 6d. each.

Life of Mahomet and His Successors. With Portrait. 3s. 6d.

Life of G-eorge Washington. With Portrait. 4 vols. 3s. dd.
each.

Life and Letters of Washington Irving. By his nephew, Pierre

B. Irving. "With Portrait. 2 vols. 3s. 6d. each.

Lockhart's Life of Burns. Eevised and corrected with Notes and
Appendices, by William Scott Douglas. With Portrait. Sm. post 8vo. 3s. 6d.

Southey's Life of Nelson. With Additional Notes, Index, Portraits,

Plans, and upwards of 50 Engravings. Sm. post 8vo. 5s.

Life of Wesley, and the Rise and Progress of Methodism.
With Portrait. Sm. post 8vo. 5s.

Life of Wellington. By ' An Old Soldier.' From the materials of

Maxwell. With 18 Steel Engravings. Sm. post. 8vo. 5s.

Life of Burke. By Sir James Prior. With Portrait. Sm. post 8vo.
3s. 6d.

Life and Letters of Locke. By Lord King. Sm. post 8vo. 3s. Qd.

Life of Pope. By Robert Carruthers. Illustrated. Sm. post. 8vo. 5s.

Cellini's Memoirs. Translated by T. Roscoe. With Portrait.

Sm. post 8vo. 3s. 6d.

Memoirs of the Life of Colonel Hutchinson. By his Widow.
With Portrait. Sm. post 8vo. 3s. 6ct.

Memorials and Letters of Charles Lamb. Talfourd's edition,

revised. By W. Oarew Hazlitt. 2 vols. Sm. post 8vo. 3s. 6d. each.

Robert Southey: The Story of his Life Written in his Letters.
With an Introduction. Edited by John Dennis. Small post 8vo. 3s. 6<J.

Letters andWorks of Lady Mary Wortley Montagu. Edited, with
Memoir, by W. Moy Thomas. Revised edition, .with 5 Portraits. 2 vols,

small post 8vo. 5s. each.

Memoirs of Philip de Commines. Translated by A. R. Scoble. With
Portraits. 2 vols, small post 8vo. 3s. 6<J. each.

The Diary of Samuel Pepys. Transcribed from the Shorthand
MS. by the Rev. Mynors Bright, M.A. With Lord Braybrooke's Notes.
Edited, with Additions, by Henry B. Wheatley, F.S.A. 9 vols, demy 8vo.
with Portraits and other Illustrations, 10s. 6d. each.

*** The only complete edition.

Evelyn's Diary and Correspondence, with the Private Corre-
spondence of (Jharles I. and Sir Edward Nicholas, and between Sir Edward
Hyde (Earl of Clarendon) and Sir Richard Browne. Edited from the
Original MSS. by W. Bray, F.A.S. With 45 Engravings. 4 vols, small
post 8vo. 20s.
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Pepys' Diary and Correspondence. With Life and Notes by Lord
Braybrooke, and 31 Engravings. 4 vols, small post 8vo. 20s.

The Early Diary of Frances Burney, 1768-1778. With a Selec-
tion from her Correspondence and from the Journals of her Sisters, Susan
and Charlotte Burney. Edited by Annie Raine Ellis. 2 vols, demy 8vo, 32s.

The Diary and Letters of Madame D'Arblay. As edited by her
Niece, Charlotte Barrett. With' Portraits. 4 vols, demy 8vo. 30s.

Handbooks of English Literature. Edited by J. W. Hales, M.A.,
Fellow of Christ's College, Cambridge, Professor of English Literature at
King's College, London. Crown 8vo. 3s. 6d. each.

The Age of Pope. By John Dennis.

The Age of Dryden. By R. Garnett, LL.D.

Preparing.

The Age of Chaucer. By Professor Hales.

The Age of Shakespeare. By Professor Hales.

The Age of Milton. By J. Bass Mullinger, M.A.

The Age of Wordsworth. By Prof. C. H. Herford, Litt.D.

The British Fleet : the Growth, Achievements, and Duties of the
Navy of the Empire. By Commander Charles N. Robinson, R.N. With 150
Illustrations. Crown 8vo. 10s. 6ci.

The Campaign of Sedan: The Downfall of the Second Empire,
August-September 1870. By George Hooper. With General Map and Six
Plans of Battles. Demy 8vo. 14s.

Waterloo : The Downfall of the First Napoleon. A History of the
Campaign of 1815. By George Hooper. With Maps and Plans. New edition,

revised. Small post 8vo. 3s. 6d.

History of the Irish Rebellion in 1798. By W. H. Maxwell.
Illustrated by George Cruikshank. 13th edition. 7s. 6d.

The War of the Succession in Spain during the Reign of Queen
Anne, 1702-1711. Based on Original Manuscripts and Contemporary Records.
By Col. the Hon. Arthur Parnell, R.E. Demy 8vo. 14s. With Map, &c.

The Revolutionary Movement of 1848-9 in Italy, Austria, Hun-
gary, and Germany. With some Examination of the previous Thirty-three
Years. By C. Edmund Maurice. With Illustrations. Demy 8vo. 16s.

History of Germany in the Middle Ages. By E. Y. Hendeison,
Ph.D. Crown &vo. 7s. 6d. net.

England in the Fifteenth Century. By the lateBev. W. Denton, M.A.,
Worcester College, Oxford. Demy 8vo. 12s.

History of Modern Europe, from the Taking of Constantinople to

the Establishment of the German Empire, a.d. 1453-1871. By the late

Dr. T. H. Dyer. A new edition. 5 vols. 21. 12s. 6d.
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Lives of the Queens of England. From the Norman Conquest to
the reign of Queen Anne. By Agnes Strickland. Library edition. With
Portraits, Autographs, and Vignettes. 8 vols, demy 8vo. 7s. 6d. each. Also
a Cheaper Edition in 6 vols, with 6 Portraits, small post Svo. 30s.

Life of Mary Queen of Scots. By Agnes Strickland. With Index
a:nd 2 Portraits of Mary. 2 vols, small post 8vo. 10s.

Lives of the Tudor and Stuart Princesses. By Agnes Strickland.
With Portraits. Small post 8vo. 5s.

The Works of Plavius Josephus. Whiston's Translation. Thoroughly
revised by Rev. A. R. Shilleto, M.A. With Topographical and Geographical
Notes by Sir C. W. Wilson, K.C.B. 5 vols, small post 8vo. 17s. 6d.

Coxe's Memoirs of the Duke of Marlborough. 3 vols. With Por-
traits. Small post 8vo. 3s. 6d. each.

*„,* Atlas op the Plans of Marlborough's Campaigns. 4to. 10s. 6d.

History of the House of Austria. 4 vols. With Portraits.
Small post Svo. 3s. 6d. each.

Gibbon's Decline and Fall of the Roman Empire. Complete
and Unabridged, with Variorum Notes. With Index, Maps, and Portrait.
7 vols. Small post 8vo. 3s. 6d. each.

Gregorovius's History of the City of Rome in the Middle Ages.
Translated by Annie Hamilton. Vols. I. and II. (from the Beginning of the
Fifth Century to the Coronation of Charles, A.r>. 800) . Crown 8vo. each 6s. net.

Guizot's History of Civilisation. Translated by W. Hazlitt. 3 vols.
With Portraits. Small post 8vo. 3s. 6d. each.

Lamartine's History of the Girondists. 3 vols. With Portraits.
Small post Svo. 3s. 6d. each.

Machiavelli's History of Florence, the Prince, and other Works.
With Portrait. Small post 8vo. 3s. 6d.

Martineau's (Harriet) History of England, from 1800-1815. 8m.
post 8vo. 3s. 6d.

History of the Thirty Years' Peace, a.d. 1815-46. 4 vols.
Small post 8vo. 3s. 6d. each.

Menzel's History of Germany. With Portraits. 3 vols. Small
post 8vo. 3s. 6d. each.

Michelet's Luther's Autobiography. Translated by William Hazlitt.
Small post 8vo. 3s. 6d.

History of the French Revolution from its earliest indica-
tions to the flight of the King in 1791. Small post 8vo. 3s. 6d.

Mignet's History of the French Revolution, from 1789 to 1814.
With Portrait of Napoleon as First Consul. Small post 8vo. 3s. 6d.

Motley's Rise of the Dutch Republic. A new Edition, with Intro-
duction by Moncure D. Conway. 3 vols. Small post 8vo. 3s. 6d. each.

Ranke's History of the Popes. Translated by E. Foster. 3 vols.
With Portraits. Small post 8vo. 3s. 6<J. each.
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STANDARD BOOKS.
(See also 'Biography and History,' 'Poetry,' 'Fiction,'' &c.)

Addison's "Works. With the Notes of Bishop Hurd. Edited by
H. G. Bohn. 6 vols. With Portrait and Plates. Small post 8vo. 3s. 6d. each.

Bacon's Essays, and Moral and Historical Works. Edited by J. Devey.
With Portrait. Small post 8vo. 3s. 6d.

Bede's Ecclesiastical History, and the Anglo-Saxon Chronicle.
Edited by Rev. Dr. Giles. With Map. Small post 8vo. 5s.

Browne's (Sir Thomas) Works. 3 vols. With Portrait. Small
post 8vo. 3s. 6d. each.

Burke's Works and Speeches. 8 vols. Sm. post 8vo. 3s. M, each.

Burton's Anatomy of Melancholy. Edited, with Notes, by the
Rev. A. R. Shilleto, M.A., and an Introduction by A. H. Bullen. 3 vols.

Demy 8vo. with binding designed by Gleeson White, 31s. 6d. net.

Coleridge's Prose Works. Edited by T. Ashe. 6 vols. With Por-
trait. Small post 8vo. 3s. 6d. each.

Defoe's Novels and Miscellaneous Works. 7 vols. With Portrait.

Small post 8vo. 3s. 6d. each.

Dunlop's History of Prose Fiction. Eevised by Henry Wilson.
2 vols. Small post 8vo. 5s. each.

Emerson's Works. 3 vols. Small post 8vo. 3s. 6d. each.

Goldsmith's (O.) Works. Edited by J. W. M. Gibbs. 5 vols. With
Portrait. Small post 8vo. 3s. 6d. each.

Gray's Letters. New Edition, by the Eev. D. C. Tovey, M.A.
[In the press.

Hazlitt (William). Lectures and Essays. 7 vols. Small post 8vo.
3s. 6d. each.

Irving (Washington). Complete Works. 15 vols. With Por-
traits, &c. Small post 8vo. 3s. 6d. each.

Lamb's Essays of Elia and Eliana. With Portrait. Small post
8vo. 3s. 6d.

Locke (John). Philosophical Works. Edited by J. A. St. John.
2 vols. With Portrait. Small post 8vo. 3s. 6d..each.

Milton's Prose Works. Edited by J. A. St. John. 5 vols. With
Portraits. Small post 8vo. 3s. 6d. each.

Prout's (Father) Reliques. By Eev. F. Mahony. Copyright edition.
With Etchings by Maclise. Small post 8vo. 5s.

Walton's (Izaak) Angler. Edited by Edward Jesse. With 229
Engravings on Wood and Steel. Small post 8vo. 5s.

White's Natural History of Selborne. Edited by Edward Jesse.
With 40 Portraits and Coloured Plates. Small post 8vo. 5s.
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1

Young (Arthur). Travels in France during the Years 1787-89.
Edited by M. Betham-Edwards. With Portrait. Small post 8vo. 3s. 6d.

Tour in Ireland during the years 1776-9. Edited by A.
W. Hutton, Librarian, National Liberal Club. With. Bibliography by J. P.
Anderson. Index and Map. 2 vols. Small post 8vo., 3s. 6d. each.

Comte's Positive Philosophy. Translated and Condensed by
Harriet Martineau. New edition, with Introduction by Frederic Harrison.
3 vols. Small post 8vo. 5s each.

Hugo (Victor's) Dramatic Works. Hernani—Buy Bias—The King's
Diversion. Translated by Mrs. Newton Crosland and P. L. Slous. Small
post 8vo. 3s. 6d.

Poems, chiefly Lyrical. Translated by various Writers, col-

lected by J. H. L. "Williams. With Portrait. Small post 8vo. 3s. 6d.

Moliere's Dramatic Works. Translated by C. H. Wall. 3 vols.

With Portrait. Small post 8vo. 3s. 6d. each.

Montaigne's Essays. Cotton's Translation. Edited by W. C.
Hazlitt. 3 vols. Small post 8vo. 3s. fid. each.

Montesquieu's Spirit of Laws. Translated by Dr. Nugent. Ke-
vised by J. V. Prichard. 2 vols. With Portrait. Small post 8vo. 3s. 6d. each.

Pascal's Thoughts. Translated by C. Kegan Paul. Small post
8vo. 3s. 6d.

Racine's Tragedies. Translated by B. Bruce Boswell. 2 vols. With
Portrait. Small post 8vo. 3s. 6d. each.

Goethe's Works. Including his Autobiography and Annals, Dramatic
Works, Poems and Ballads, Novels and Tales, Wilhelm Meister's Apprentice-
ship and Travels, Tour in Italy, Miscellaneous Travels, Early and Miscel-
laneous Letters, Correspondence with Schiller and Zelter, and Conversations
with Eckermann and Soret. Translated by J. Oxenford, Anna Swanwick,
R. D. Boylan, E. A. Bowring, Sir Walter Scott, Edward Bell, L. Dora
Schmitz, A. D. Coleridge, and A. Rogers. 16 vols. With Portraits. Small
post 8vo. 3s. 6d. each.

— Faust. German Text with Hayward's Prose Translation and
Notes. Revised with Introduction by Dr. C. A. Buchheim. Sm. post 8vo. 5s.

Heine's Poems. Translated by E. A. Bowring. Sm. post 8vo. 3s. 6d.

Travel-Pictures. Translated by Francis Storr. With Map.
Small post 8vo. 3s. 6d.

Lessing's Dramatic Works. Edited by Ernest Bell. 2 vols. With
Portrait. Small post 8vo. 3s. 6d. each.

Laokoon, Dramatic Notes, &c. Translated by E. C. Beesley
and Helen Zimmern. Edited by Edward Bell. With Frontispiece. Small
post 8vo. 3s. 6d.

Richter (Jean Paul). Levana. Translated. Sm. post 8vo. 3s. Qd.

Flower, Fruit, and Thorn Pieces (Siebenkas). Translated
by Lieut. -Col. A. Ewing. Small post 8vo. 3s. 6d.
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Schiller's Works. Including the History of the Seven Years' War,
Revolt in the Netherlands, &c, Dramatic and Poetical "Works, and Aesthe-
tical and Philosophical Essays. Translated by Rev. A. J. W. Morrison,
A. Lodge, E. A. Bo-wring, J. Churchill, S. T. Coleridge, Sir Theodore Martin,
and others. 7 vols. With Portraits. Small post 8vo. 3s. 6tf. each.

F. Schlegel's Lectures, and other Works. 5 vols. Small post
8vo. 3s. 6d. each.

A. W. Schlegel's Lectures on Dramatic Art and Literature.
Translated by the Rev. A. J. W. Morrison. Small post 8vo. 3s. 6d.

Schopenhauer. On the Fourfold Root of the Principle of Suffi-

cient Reason, and on the Will in Nature. Small post 8 to. 5s.

Essays. Selected and Translated by E. Belfort Bax. Small
post 8vo. 5s.

Ahieri's Tragedies. Translated by E. A. Bowring. 2 vols. Small
post 8vo. 3s. 6,d. each.

Ariosto's Orlando Furioso, &c. Translated by W. S. Bose. 2 vols.

With Portrait and 24 Steel Engravings. Small post 8vo. 5s. each.

Dante. Translated by Kev. H. F. Cary. With Portrait. Small
post 8vo. 3s. 6d.

Translated by I. C. Wright. With Flaxman's Illustrations.
Small post 8vo. 5s.

The Italian Text, with English Translation. The Inferno.
By Dr. Oarlyle. The Purgatorio. By W. S. Dugdale. Sm. post 8vo. 5s. each.

Petrarch's Sonnets, and other Poems. Translated by various hands.
With Life by Thomas Campbell, and Portrait and 15 Steel Engravings.
Small post 8vo. 5s.

Tasso's Jerusalem Delivered. Translated into English Spenserian
Verse by J. H. Wiffen. With Woodcuts and 8 Steel Engravings. Small
post 8vo. 5s.

Camoens' Lusiad. Mickle's Translation revised by E. B. Hodges.
Small post 8vo. 3s. 6d.

Antoninus (Marcus Aurelius). The Thoughts of. Translated
literally, with Notes. Biographical Sketch, Introductory Essay on the
Philosophy, and Index. By George Long, M.A. New edition. Printed at
the Chiswick Press, on hand-made paper, and bound in buckram. Pott
870. 6s. (Or in Bohn's Classical Library, 3s. 6d.)

Epictetus. The Discourses of, with the Encheiridion and Frag-
ments. Translated, with Notes and Introduction, by George Long, M.A.
New edition, printed at the Chiswick Press, on hand-made paper, and bound
in buckram. 2 vols. Pott 8vo. 10s. Qd. (Or in Bohn's Classical Library,
1 vol., 5s.

Plato's Dialogues, referring to the Trial and Death of Socrates,
Euthyphro, The Apology, Crito and Phaado. Translated by the late William
Whewell, D.D. Printed at the Chiswick Press on hand-made paper, and
bound in buckram. Pott 8vo., 4s. 6<J.

Plotinus, Select Works of. Translated by Thomas Taylor. Edited
by G. R. S. Mead, B.A., M.R.A.S. Small post 8vo. 5s.

Horace. The Odes and Carmen Saeculare. Translated into English
Verse by the late John Conington, M.A. 11th edition. Fcap. 8vo. 3s. 6d.

The Satires and Epistles. Translated into English Verse
by John Conington, M.A. 8th edition, 3s. W,
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Dictionaries and Books of Reference.

Webster's International Dictionary of the English. Language,
being the authentic edition of Webster's Unabridged Dictionary, comprising
the issues of 1847, 1864, and 1880, now thoroughly revispd and enlarged under
the supervision of Noah Porter, D.D., LL.D., of Yale University, with
Valuable Literary Appendices. Medium 4to. 2118 pages, 3500 Woodcuts.
Cloth, 11. lis. Qd ; half calf, 21. 2s. ; half russia, 21. 5s. ; full calf, 21. 8s.

Also in 2 vols, cloth, 11. 14s.

The Standard in the Postal Telegraph Department of the British Isles.

The Standard in the United States G-overnment Printing Office.

Prospectuses with specimen pages sent free on application.

Webster's Brief International Dictionary. A Pronouncing Dic-
tionary of the English Language. Abridged from Webster's International
Dictionary. With 800 Illustrations. Demy 8vo. 3s.

A Biographical and Critical Dictionary of Painters and Engravers.
With a List of Ciphers, Monograms, and Marks. By Michael Bryan. Im-
perial 8vo. New edition, thoroughly revised and enlarged by R. E. Graves
(of the British Museum) and Walter Armstrong. 2 vols. Imperial 8vo.

buckram, 31. 3s.

A Biographical Dictionary. Containing Concise Notices (upwards
of 15,000) of Eminent Persons of all Ages and Countries, and more particu-
larly of Distinguished Natives of Great Britain and Ireland. By Thompson
Cooper, F.S.A. With a new Supplement, bringing the work down to 1883.

2 vols. Crown 8vo. 5s. each.

Kluge's Etymological Dictionary of the German Language.
Translated by J. F. Davis, D.Lit., M.A. Crown 4to. half buckram, 18s.

G-rimm's Teutonic Mythology. Translated from the 4th edition,
with Notes and Appendix, by James Stephen Stallybrass. Demy 8vo. 4 Vols.
31. 3s. ; Vols. I. to III. 15s. each ; Vol. IV. (containing Additional Notes and
References, and completing the Work), 18s.

French and English Dictionary. By F. E. A. Gasc. 6th edition.
8vo. cloth, 10s. 6d.

A Pocket Dictionary. 16mo. 52nd Thousand. 2s. 6d.

Synonyms and Antonyms of the English Language. Collected
and Contrasted. By the late Ven. C. J. Smith, M.A. Small post 8vo. 5s.

Synonyms Discriminated. A Dictionary of Synonymous Words in
the English Language, showing the accurate signification of words of similar
meaning. Illustrated with Quotations from Standard Writers. By Ven. C. J.

Smith, M.A. Edited by the Rev. H. Percy Smith, M.A., of Balliol College,
Oxford. Demy 8vo. 14s.

A History of Roman Literature. By Professor W. S. Teuffel.
6th edition, revised, with considerable Additions, by Professor L. Schwabe.
Translated by G. C. W. Warr, M.A., Professor of Classical Literature at
King's College, London. 2 vols. Medium 8vo. 15s. each.

Corpus Poetarum Latinorum, a se aliisque denuo recognitorum et
brevi lectionum varietate instructorum, edidit Johannes Percival Postgate.
Vol. I. Large post 4to. 21s. net. Or in 2 parts, paper wrappers, 9s. each net.

[Vol. II. preparing.

Lowndes' Bibliographer's Manual of English Literature. En-
larged edition, by H, G. Bohn. 6 vols, Small post 8vo, 5s. each j or 4 vols.,
half mou'wco, 21. 2s.
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A Dictionary of Roman Coins, Bepublican and Imperial. Com-
menced by the late Seth W. Stevenson, F.S.A., revised in part bv C. Roach
Smith, F.S.A., and completed by F. W. Madden, M.R.A.S. With upwards
of 700 engravings on wood, chiefly executed by the late F. W. Fairholt, F.S.A.
8vo. 21. 2s.

Henfrey's Guide to English Coins, from the Conquest to the present
time. New and revised edition. By G. F. Keary, M.A., F.S.A. With an
Historical Introdnction by the Editor. Small post 8vo. 6s.

Humphreys' Coin Collector's Manual, or Guide to the Numismatic
Student in the Formation of a Cabinet of Coins. By H. N. Humphreys. With
Index and upwards of 140 Illustrations on Wood and Steel. 2 vols. Small
post 8vo. 5s. each.

Clark's Introduction to Heraldry. 18th edition. Kevised and
Enlarged by J. R. Planche, Rouge Croix. With nearly 1000 Illustrations.
Small post 8vo. 5s. ; or with the Illustrations Coloured, half-morocco, rox-
burgh, 15s.

ART AND ARCHEOLOGY.
Sir Edward Burne-Jones, Bart. A Eecord and Eeview. By

Malcolm Bell. Illustrated with over 100 Reproductions of the most popular
pictures by the Artist ; including many paintings and drawings hitherto un-
published, and a representative selection of his designs for stained glass,

tapestry, &c. With full and complete lists of his finished works and of his
cartoons. 3rd edition, with binding designed by Gleeson White. Small
Colombier 8vo. 21s. net.

Albert Moore : his Life and Works. By A. Lys Baldry. Illus-

trated with 10 Photogravures and about 70 other Reproductions. Super
royal 4to. 31. 3s.

Sir Frederic Leighton, Bart., P.R.A. An Illustrated Chronicle. By
Ernest Rhys. With Introduction by F. G. Stephens. Illustrated with 15
Photogravures ard 100 other Reproductions. Super royal 4to.

Velasquez. By B. A. M. Stevenson. "With 20 Photogravures and
numerous other Illustrations. Small royal 4to.

Raphael's Madonnas, and other Great Pictures. Beproduced from
the Original Paintings. With a Life of Raphael, and an Account of his

Chief Works. By Karl Karoly. With 54 Illustrations, including 9 Photo-
gravures. Small Colombier 8vo. 21s. net.

Masterpieces of the Great Artists A.D. 1400-1700. By Mrs.
Arthur Bell (N. D'Anvers). Illustrated. Small Colombier 8vo.

John Russell, R.A., ' The Prince of Crayon Portrait Painters.' By
By George C. Williamson, Lit.D. With an Introduction by Lord Ronald
Gower, F.S.A. With 101 Illustrations. Small Colombier 8vo. 25s. net.

Richard Cosway, R.A., and his Companions. With numerous
Illustrations. Small Colombier 8vo.

Bell (Sir C.) The Anatomy and Philosophy of Expression as
Connected with the Fine Arts. By Sir Charles Bell, K.H. 7th edition,

revised. Small post 8vo. 5s.

Bloxam (M. H.) The Principles of Gothic Ecclesiastical Archi-
tecture. By M. H. Bloxam. With numerous Woodcuts by Jewitt. 11th
edition. Crown 8vo. 2 vols. 15s. Companion Volume on CHURCH VEST-
MENTS. 7s. 6d.
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Bryan's Biographical and Critical Dictionary of Painters and
Engravers. "With a List of Cyphers, Monograms, and Marks. By Michael
Bryan. New edition, thoroughly revised and enlarged by R. E. Graves,
of the British Museum, and Walter Armstrong, R.A. 2 vols, imperial 8vo.
buckram, 31. 3s., or in 12 parts, 5s. each.

Burn (R) Ancient Rome and its Neighbourhood. An Illustrated
Handbook to the Ruins in the City and the Campagna. By Robert Bum,
M.A., Fellow of Trinity College, Cambridge, Author of ' Rome and the
Campagna,' &c. "With numerous Illustrations. 7s. 6d.

*** This volume is also issued in limp red cloth, with Map Pocket, for the
convenience of Travellers.

Cunningham's Lives of the Most Eminent British Painters. A
new edition, with Notes and Sixteen fresh Lives. By Mrs. Heaton. 3 vols,

small post 8vo. 3s. 6d. each.

Delamotte (P. H.) The Art of Sketching from Nature. By
P. H. Delamotte. Illustrated by 24 Woodcuts and 20 Coloured Plates,
arranged progressively, from "Water-colour Drawings by Prout, E. "W. Cooke,
R.A., Girtin, Varley, De Wint, and the Author. New edition. Royal 4to. 21s.

Demmin's Illustrated History of Arms and Armour, from the
Earliest Period. By Auguste Dexniin. Translated by C. C. Black, M.A.,
Assistant Keeper, South Kensington Museum. "With nearly 2000 Illustra-

tions. Small post 8vo. 7s. 6d.

Didron's Christian Iconography. A History of Christian Art in the
Middle Ages. Translated from the French, with additions, &c, by Margaret
Stokes. 2 vols, small post 8vo. 5s. each.

Ex-Libris Series. Edited by Gleeson White.

English Book-Plates (Ancient and Modern). By Egerton
Oastle, M.A., F.S.A. With more than 200 Illustrations. 3rd edition.
10s. 6d. net.

French Book-Plates. By Walter Hamilton. With 90 Illus-

trations. [Out of print,

German Book-Plates. By Dr. Heinrich Pallmann and G.
Ravenscroft Dennis. With numerous Illustrations. [Preparing.

American Book-Plates. By Charles Dexter Allen. With
Bibliography by Eben Newell Hewins, and numerous Illustrations. 12s. Gel. net.

Ladies' Book-Plates. By Noma Labouchere. [In the press.

Printers' Marks. By W. Koberts, Editor of the ' Bookworm,'
&c. With about 250 Examples. 7s. 6d. net.

Alphabets. A Handbook of Lettering. By Edward F. Strange.
With numerous Illustrations. 8s. 6d. net.

The Decorative Illustration of Books. By Walter Crane.
[In the press.

Modern Book Illustration. By Joseph Pennell. [In the press.

Decorative Heraldry. By G. W. Eve. [Preparing.

Holbein's Dance of Death. Printed from the original
Wood-blocks of Bonner and Byfield. With Introduction by Austin Dobson.
5s. net.

Durer's Little Passion. Printed from stereotypes taken from
the original wood-blocks. With Introduction by Austin Dobson, and Photo-
gravure Portrait of Durer, by himself. 5s. net.

Fairholt's Costume in England. A History of Dress to the end of
the Eighteenth Century. 3rd edition. Revised by the Hon. H. A. Dillon,
F.S.A. Illustrated with above 700 Engravings. 2 vols. sm. post 8vo. 5s. each.
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Flaxman's Classical Compositions, reprinted in a cheap form for
the use of Art Students. Oblong' demy, paper cover, 2s. 6d. each.

THE ILIAD OF HOMER, 39 Designs. THE ODYSSEY OP HOMER,
34 Designs. THE TRAGEDIES OF AESCHYLUS, 36 Designs. THE
WORKS AND DAYS AND THEOGONY OF HESIOD, 37 Designs.

SELECT COMPOSITIONS FROM DANTE'S DIVINE DRAMA. 37

Designs. Oblong, paper cover, 2s. 6d.

Flaxman. Lectures on Sculpture, as delivered before the President
and Members of the Royal Academy. By J. Flaxman, R.A. With 53 Plates.

New edition. Small post 8vo. 6s.

Gatty (Mrs.) The Book of Sun-dials. Collected by Mrs. Alfred
Gatty, Author of ' Parables from Nature,' &c. Edited by Horatio K. F.

Eden and Eleanor Lloyd. With numerous Illustrations. 3rd edition. Fcap.
4to. 15s.

Heaton (Mrs.) A Concise History of Painting. By Mrs. Charles
• Heaton. New edition, revised, by Cosmo Monkhouse. Small post 8vo. 5s.

Hiatt (C. T. J.) Picture Posters. A Handbook on the History of

the Illustrated Placard. With numerous Reproductions of the most artistic

examples of all countries. By C. T. J. Hiatt. 8vo. [In the press.

Karoly (Karl). A Guide to the Paintings of Florence. Fcap. 8vo.
limp cloth, 5s.

A Guide to the Paintings of Venice. With 20 Illustra-

tions. Fcap. 8vo.

Lanzi's History of Painting in Italy, from the Period of the Ee-
vival of the Fine Arts to the End of the Eighteenth Century. With a
Biographical Notice of the Author, Indexes, and Portraits. Translated by
Thomas Roscoe. 3 vols, small post 8vo. 3s. 6d. each.

Law (E.) The History of Hampton Court Palace. Profusely
Illustrated with Copper-plates, Autotypes, Etchings, Engravings, Maps, and
Plans. By Ernest Law, B.A. In 3 vols. fcap. 4to. Vol. I.—IN TUDOR
TIMES, 2is. ; Vol. II.—IN STUART TIMES, 21s. ; Vol. III.—IN ORANGE
AND GUELPH TIMES, 31s. 6d.

Leonardo da Vinci's Treatise on Painting. With a Life of Leonardo.
New edition, revised, with numerous Plates. Small post 8vo. 5s.

Moody (F. W.) Lectures and Lessons on Art. By the late F. W.
Moody, Instructor in Decorative Art at South Kensington Museum. With
Diagrams to illustrate Composition and other matters. 5th edition. Demy
8vo. sewed, 4s. 6d.

Patmore(C) Principle in Art. By Coventry Patmore. 2nd edition.

Fcap. 8vo. 5s.

Petit (J. T.) Architectural Studies in France. By the late Bev.
J. T. Petit, F.S.A. New edition, revised by Edward Bell, M.A., F.S.A.
Fcap. 4to. with 260 Illustrations, 15s. net.

Planche's History of British Costume, from the Earliest Time to
the close of the Eighteenth Century. By J. R. Planche, Somerset Herald.
With Index and upwards of 400 Illustrations. Small post 8vo. 5s.

Stokes (Margaret). Three Months in the Forests of France. A
Pilgrimage in Search of Vestiges of the Irish Saints in France. With
numerous Illustrations of the Architecture, Sculptures, Paintings, and
Personal Relics connected with them. By Margaret Stokes, Hon. M.R.I. A.,
Author of * Six Months in the Apennines,' ' Early Christian Architecture in
Ireland,' &c. Fcap. 4to.
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Vasari's Lives of the Most Eminent Painters, Sculptors, and
Architects. Translated by Mrs. J. Foster, with Notes, Index, and Portrait.
6 vols, small post 8vo. 3s. 6d. each.

White (Gleeson). Practical Designing. A Handbook on the Pre-
paration of "Working Drawings, showing the Technical Methods employed in
preparing them for the Manufacture, and the Limits imposed on the Design
by the Mechanism of Reproduction and the materials employed. Freely
Illustrated. Edited by Gleeson White. 2nd edition. 6s.net.

Contents: Carpets, by A. Millar— Drawing for Reproduction, by the
Editor—Pottery, by W. P. Rix—Metal Work, by R. LI. Ratbbone—Stained
Glass, by Selwyn Image—Bookbinding, by H. Orrinsmith—Tiles, by Owen
Carter—Woven Fabrics, Printed Fabrics, and Floorcloths, by Arthur Silver

—

Wall Papers, by G. C. Haite.

BOTANY.
By J. G. BAKER, F.R.S., F.L.S., Keeper of the Herbarium of the

Royal Gardens, Kew..

A Flora of the English Lake District. Demy 8vo. 7s. Qd.

Handbook of the Fern Allies. A Synopsis of the Genera and
Species of the Natural Orders, Equisetaceae, Lycopodiaceae, Selaginellaceae,
Rbizocarpeae. Demy 8vo. 5s.

Handbook of the Amaryllideae, including the Alstroemerieae and
Agaveae. Demy 8vo. 5s.

Handbook of the Bromeliaceae. Demy 8vo. 5s.

Handbook of the Iridese. Demy 8vo. 5s.

English Botany. Containing a Description and Life-size Drawing
of every British Plant. Edited by T. Boswell (formerly Syme), LL.D.,
F.L.S., &c. The Figures by J. C. Sowerby, F.L.S., J. De C. Sowerby F.L.S.,
J. W. Salter, A.L.S., F.G.S., and J. E. Sowerby. 3rd edition, entirely,

revised, with descriptions of all the species by the Editor, and 1937 full-page
Coloured Plates. In 12 vols. 241. 3s. cloth ; 271. 15s. half morocco ; and 311. 13s.

whole morocco. Also in 89 parts, 5s. eich, except part 89, containing an Index
to the whole work, 7s. 6d. Volumes sold separately.

\* A Supplement to the third edition is now in preparation. Vol. I. (Vol.

XIII. of the complete work) containing' orders I. to XL., by N. E. Brown, of
the Royal Herbarium, Kew, now ready, 16s. Or in three parts, 5s. each.

Johnson's Gardener's Dictionary. Describing the Plants, Fruits,
and Vegetables desirable for the Garden, and explaining the Terms and
Operations employed in their cultivation. New edition (1893-4), revised by
C. H. Wright, F.R.M.S., and D. Dewar, Curator of the Botanic Gardens,
Glasgow. Demy 8vo. 9s. net.

British Fungus-Flora. A Classified Text-book of Mycology. By
George Massee. With numerous Illustrations. 4 vols. Post 8vo. 7s. 6d. each.

Botanist's Pocket -Book. By W. R. Hayward. Containing the
botanical name, common name, soil or situation, colour, growth, and time of

flowering of all plants, arranged in a tabulated form. 7th edition, revised,

with a new Appendix. Fcap. 8vo. 4s. 6d.

Names and Synonyms of British Plants, collating the Nomen-
clature of the London Catalogue, English Botany, Babington's Manual,
Bentham's Flora, and Hooker's Student's Flora. With an Appendix giving

other Names and their Synonyms, and a list of authorities for plant names.
Bv the Rev. G. Egerton-Warburton. Fcap. 8vo. 3s. 6d.
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Index of British Plants, according to the London Catalogue (8th
edition), including the Sjnonyms used by the principal authors, an alphabetical
list of Euglish names; also references to the illustrations of Same's ' English
Botany ' and Eentham's ' British Flora.' By Robert Turnbull. Paper, 2s. 6d.

;

cloth, 3s.

The London Catalogue of British Plants. Part I., containing the
British Phaenogamia, Filices, Eqnisetaceae, Lycopodiaceae, Selaginellaceae,
Marsileaceae, and Characeae. 9th edition. Demy 8vo. 6d. ; on stouter paper,
in limp cloth, Is. Generic Index only, on card, 2d.

ECONOMICS AND FINANCE.
By ROBERT GIFFEN, C.B., LL.D.

The Case against Bimetallism. 3rd edition. Crown 8vo., 7s. 6d.

The Growth of Capital. Demy 8vo. 7s. 6d.

Essays in Finance. The Cost of the Franco-German War of 1870-71
—Foreign Competition—Excess of Imports—Depreciation of Silver—Mr. Glad-
stone's Work in Finance—Taxes on Land— Taxation and Representation of

Ireland—Bimetallism, &c. 5th edition, revised. Demy 8vo. 10s. 6d.

Essays in Finance. Second Series. Containing :—Trade Depres-
sion—Bank Reserves—Foreign Trade of the United States—The Use of

Import and Exporb Statistics—Foreign Manufactures and English Trade
—The Utility of Common fetati sties—Progress of the Working Classes, &c.
3rd edition. Demy 8vo. 14s. ^^

Ricardo on the Principles of Political Economy and Taxation.
Edited by E. C. K. Gonner, M.A., Lecturer, University College, Liverpool.
Sm. post 8vo. 5s.

Smith (Adam). The Wealth of Nations. Edited by E. Belfort
Bax. 2 vols. Sm. post 8vo. 7s.

The History, Principles, and Practice of Banking. By the late

J. W. Gilbart, F.R.^., formerly Director and General Manager of the London
and Westminster Bank. New edition, revised by A. 8. Michie, cf the Royal
Bank of Scotland, Glasgow. 2 vols, small post 8vo. 10s.

SPORTS AND GAMES.
Bohn's Handbooks of Athletic Sports. In 8 vols. Sm. post 8vo.

6d. each.

Vol. I.—Cricket, by Hon. and Rev. E. Lyttelton. Lawn Tennis, by H. W. W.
Wilberforce. Tennis, Rackets, and Fives, by Julian Marshall, Major Spens,
and Rev. J. A. Tait. Golf, by W. T. Linskill. Hockey, by F. S. Creswell.

Vol. II.—Rowing and Sculling, by W. B. Woodgate. Sailing, by E. F.
Knight. Swimming, by M. and J. R. Cobbett.

Vol. III.— Boxing, by R. G. Allanson-Winn. Broadsword and Single Stick,

with chapters on Quarterstaff, Bayonet, Cudgel, Bhillalah, Walking- Stick,
and Umbrella, by R. G. Allanson-Winn and C. Phillipps-Wolley. Wrestling,
by Walter Armstrong. Fencing, by H. A. Colmore Dunn.

Vol. IV.—ttugby Football, by Harry Vassall. Association Football, by
C. W. Alcock. Baseball, by Newton Crane. Rounders, Bowls, Quoits,
Curling, Skittles, &c, by C. 0. Mott and J. M. Walker.

Vol. V.—Cycling and Athletics, by H. H. Griffin. Skating, by Douglas
Adams.

Vol. VI.—Practical Horsemanship, including Riding for Ladies, by W. A.
Kerr, V.C.

Vol. VII.—Camping Out, by A. A. Macdonald. Canoeing, by Dr. J. D.
Hay ward.

Vol. VIII.—Gymnastics, by A. F. Jenkin. Clubs, by G. T. B. Cobbett and
A. V. Jenkin.



A Classified Catalogue of Selected Works. 1

9

Bohn's Handbooks of Games. New edition. In 2 vols. Small
post 8vo. 3s. 6<J. each.

Vol. I.

—

Table Games : Billiards, with. Pool, Pyramids, and Snooker, by
Major-General A. W. Drayson, F.R.A.S., with a preface by W. J. Peali.

Bagatelle, by 'Berkeley.' Chess, by R. P. Green. Draughts, Backgammon,
Dominoes, Solitaire, Reversi, Go-Bang, Rouge et Noir, Roulette, B.O., Hazard,
Faro, by ' Berkeley.'

Vol. II.—Card Games: Whist, by Dr. William Pole, F.R.S., Author of
' The Philosophy of Whist,' &c. Solo Whist, by R. F. Green. Piquet, Ecarte,
Euchre, Bezique, and Cribbage, by 'Berkeley.' Poker, Loo, Vingt-et-un,
Napoleon, Newmarket, Pope Joan, Speculation, &c. &c, by Baxter-W ray.

Morphy's Games of Chess, being the Matches and best Games
played by the American Champion, with explanatory and analytical Notes by
J. Lowenthal. With short Memoir and Portrait of Morphy. Sm. post 8vo. 5s.

Staunton's Chess-Player's Handbook. A Popular and Scientific
Introduction to the Game. Wibh numerous diagrams. 5s.

Chess Praxis. A Supplement to the Chess-player's Hand-
book. Containing the most important modern improvements in the Openings

;

Code of Chess Laws ; and a Selection of Morphy's Games. Small post 8vo. 5s.

Chess-Player's Companion. Comprising a Treatise on Odds,
Collection of Match Games, and a Selection of Original Problems. With
coloured Frontispiece. Small post 8vo. 5s.

Chess Studies and End-Games. In Two Parts. Part I. Chess
Studies. Part II. Miscellaneous End-Games. By B. Horwitz and J. Kling.
2nd edition, revised by the Rev. W. Wayte, M.A. Demy 8vo. 7s. 6d.

Hints on Billiards. By J. P. Buchanan. Illustrated with 36
Diagrams. Crown 8vo. 3s. 6d. net.

Sturges's Guide to the Game of Draughts. With Critical Situa-
tions. Revised, with Additional Play on the Modern Openings, by J. A. Kear,
Editor of ' The International Draught Magazine.'

Hints on Driving. By Captain C. Morley Knight, B.A. Illustrated
by G. H. A. White, Royal Artillery. 2nd edition, revised and enlarged.
Crown 8vo. 3s. 6d. net.

Half-Hours with an Old Golfer ; a Pot-pourri for Golfers. By
Calamo Currente. With 40 Illustrations and -i Coloured Plates by G. A.
Laundy. Crown 8vo. gilt extra, 5s.

Schools and Masters of Fence, from the Middle Ages to the
Eighteenth Century. With a Sketch of the Development of the Art of
Fencing with the Rapier and the Small Sword, and a Bibliography of the
Fencing Art during that Period. Bj Egerton Castle, M.A. With numerous
Illustrations. 2nd edition. Small post 8yo. 6s.

Oars and Sculls, and How to Use them. By W. B. Woodgate, M.A.

,

Brasenose College, Oxford. Crown 8vo. 2s. 6d.

Dancing as an Art and Pastime. With 40 full-page illustrations
from life. By Edward Scott. Crown 8vo. 6s.
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THE ALL-ENGLAND SERIES.
HANDBOOKS OF ATHLETIC GAMES.

The only Series issued at a moderate price, by Writers who are in
the first rank in their respective departments.

' The best instruction on games and sports by the best authorities, at the lowest
prices.'—Oxford Magazine.

Small 8vo. cloth, Illustrated. Price Is. each.

Cricket. By the Hon. and Rev.
E. Lyttelton.

Lawn Tennis. By H. W. W.
Wilberforce. With a Chapter for
Ladies, by Mrs. Hillyard.

Tennis and Rackets and Fives.
By Julian Marshall, Major J. Spens,
and Rev. J. A. Arnan Tait.

Golf. By W. T. Linskill.
Rowing and Sculling. By W. B.
WOODGATE.

Sailing. ByE . F. Knight, dbl.vol. 2s.

Swimming. By Martin and J.

Racster Oobbett.
Camping out. By A. A. Macdon-

ell. Double vol. 2s.

Canoeing. By Dr. J. D. Hayward.
Double vol. 2s.

Mountaineering. By Dr. Claude
Wilson. Double vol. 2s.

Athletics. ByH.H. Griffin. With
contributions by E. H. Pelling, H. C. L.
Tindall, J. L. G-reig, T. Jennings, 0. F.

Daft, J. Kibblewhite, Tom Ray, Sid
Thomas, and the Rev. W. Pollock-Hill.

Riding. By W. A. Kerr, V.C.
Double vol. 2s.

Ladies' Riding. ByWA.KERR,V.C.
Boxing. By B. G. Allanson-Winn.
With Prefatory Note by Bat Mullins.

Cycling. By H. H. Griffin, L.A.C.,
N.C.U., O.T.C. With a Chapter for
Ladies, by Miss L. C. Davidson.

Wrestling. By Walter Arm-
strong ('Cross-buttocker').

Fencing. ByH. A. Colmore Dunn.
Broadsword and Singlestick.
By R. G-. Allanson-Wimn and C. Phil-
LIPPS-WOLLEY.

Gymnastics. By A. F. Jenkin.
Double vol. 2s.

Indian Clubs. By G. T. B. Cob-
bett and A. F. Jenkin.

Football — Rugby Game. By
Harry Vassall.

Football—Association Game. By
0. W. Alcock.

Hockey. By F. S. Creswell.
(In Paper Cover, 6d.)

Skating. By Douglas Adams.
With a Chapter for Ladies, by Miss L.
Cheetham, and a Chapter on Speed
Skating, by a Pen Skater. Dbl. vol. 2s.

Baseball. By Newton Crane.
Rounders, Fieldball, Bowls,

Quoits, Curling, Skittles, &c.
By J. M. Walker and C. C. Mott.

Dancing. By Edward Scott.
Double vol. 2s.

THE CLUB SEEIES OF CAED AND TABLE GAMES.
No well-regulated club or country house should be without this useful series of books.

Small 8vo. cloth, Illustrated. Price Is. each. Globe

Whist. By Dr. Wm. Pole, F.B.S.

Solo Whist. By Bobert F. Green.
Billiards. The Art of Practical

Billiards for Amateurs, with chapters on
Pool, Pyramids, and Snooker. By
Major-Gen. A. W. Drayson, F.R.A.S.
With a Preface by W. J. Peall.

Chess. By Bobert F. Green,
Editor of the ' British Chess Magazine.'

The Two-Move Chess Problem.
By B. C. Laws.

Chess Openings. By I. Gunsbeeg.
Draughts and Backgammon.
By ' Berkeley.'

Reversi and Go Bang.
By ' Berkeley.'

Dominoes and Solitaire.
By ' Berkeley.'

Bezique and Cribbage.
By ' Berkeley.'

Ecarte and Euchre.
By 'Berkeley.'

Piquet and Rubicon Piquet.
By ' Berkeley.'

Skat. By Louis Diehl.
\* A Skat Scoring-book. Is.

Round Games, including Poker,
Napoleon, Loo, Vingt-et-un, New-
market, Commerce, Pope Joan, Specu-
lation, Spin, Snip-Snap-Snorum, Jig,
Cassino, My Bird Sings, Spoil-Five,
and Loto. By Baxte a-WRAy. .



A Classified Catalogue of Selected Works. 2

1

FICTION.
(See also ' Standard Books.')

Bjornson's Arne and the Fisher Lassie. Translated from the
Norse with an Introduction by W. H. Low, M.A. Small post 8vo. 3s. 6d.

Burney's Evelina; or, The History of a Young Lady's Entrance
into the "World. By Prances Burney (Mine. D'Arblay). "With an Introduc-
tion and Notes by A. R. Ellis. Small post 8vo. 3s. 6d,

Cecilia. 2 vols, small post 8vo. 3s. 6d. each.

Cervantes' Galatea. A Pastoral Eomance. Translated from the
Spanish by G. W. J. Gyll. Small post 8vo. 3s. 6d.

Exemplary Novels. Translated from the Spanish by Walter
K. Kelly. Small post 8vo. 3s. 6d.

Don Quixote de la Mancha. Motteux's Translation, revised.

With Lockhart's Life and Notes. 2 vols, small post 8to. 3s. 6d. each.

Classic Tales, containing Kasselas, Vicar of Wakefield, Gulliver's
Travels, and The Sentimental Journey. Small post 8vo. 3s. 6d.

De Stael's Corinne or Italy. By Madame de Stael. Translated by
Emily Baldwin and Paulina Driver. Small post 8vo. 3s. 6d.

Ebers' Egyptian Princess. An Historical Novel. By George Ebers.
Translated by E. S. Buchheim. Small post 8vo. 3s. 6d.

Edmonds (Mrs.) Amygdala. A Story of the French Bevolution.
2s. 6(J. net.

Fielding's Adventures of Joseph Andrews and His Friend Mr.
Abraham Adams. "With Cruikshank's Illustrations. 3s. 6d.

History of Tom Jones, a Foundling. Boscoe's Edition,
with George Cruikshank's Illustrations. 2 vols, small post 8vo. 3s. 6d. each.

Amelia. Blustrated by George Cruikshank. 5s.

Gil Bias, the Adventures of. Translated by Smollett. Illustrated
by Smirke and Cruikshank. Small post 8vo. 6s.

Hauff's Tales. The Caravan—The Sheik of Alexandria—The Inn
in the Spessart. Translated by S. Mendel. Small post 8vo. 3s. 6d.

Hawthorne's Tales. 4 vols. Small post 8vo. 3s. Qd. each.

Hoffmann's Tales. The Serapion Brethren. Translated by Lieut.-
Col. Ewing. 2 vols. Small post 8vo. 3s. 6d. each.

Holnut (W. S.) Olympia's Journal. Crown 8vo. 3s. 6d
Manzoni. The Betrothed. By Alessandro Manzoni. With

numerous Woodcut Illustrations Small post 8vo. 5s.

Poushkin's Prose Tales: The Captain's Daughter—Doubrovky—
Queen of Spades—An Amateur Peasant Girl—The Shot—The Snow Storm

—

The Postmaster—The Coffin Maker—Kirdjali. Translated from the Russian
by T. Keane. Crown 8vo. 6s.

Smollett's Roderick Random. With Cruikshank's Illustrations and
Bibliography. Small post 8vo. 3s. 6d.

Peregrine Pickle. With Cruikshank's Illustrations. 2 vols.
Small post 8vo. 3s. 6d. each.

Humphry Clinker. With Cruikshank's Illustrations. Small
post 8vo.

Stinde (J.) The Buchholz Family. Sketches of Berlin Life. By
Julius Stinde. Translated from the 49th edition of the German by L. Dora
Schmitz. Popular edition, picture boards, 2s.
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Stinde (J.) The Buchholz Family. Second Part. Popular edition.

Picture boards, 2s.

The Buchholzes in Italy. Translated from the 37th
edition of the original by Harriet F. Powell. Crown 8vo. cloth, 3s.

Frau "Wilhelmine. Being the Conclusion of ' The Buchholz
Family.' Translated by Harriet F. Powell. Crown 8vo. cloth, 3s.

BOOKS FOR THE YOUNG.
Andersen (Hans Christian). Fairy Tales and Sketches. Trans-

lated by C. C. Peachey, H. Ward, A. Plesner, &c. With numerous Illus-

trations by Otto Speckter and others. 7th thousand. Crown 8vo. 3s. 6d.

Tales for Children. With 48 full -page Illustrations by
Wehnert, and 57 small Engravings on Wood by W. Thomas. 13th thousand.
Crown 8vo. 3s. 6d.

Danish Legends and Fairy Tales. Translated from the
Original by Caroline Peachey. With a Short Life of the Author, and 120

Wood Engravings, chiefly by Foreign Artists. Small post 8vo. 5s.

Edgeworth's Stories for Children. With 8 Illustrations by L. Speed.
Small post 8vo. 3s. 6d.

Ford (Mrs. Gerard). Master Rex. By Mrs. Gerard Ford. Illus-

trated by James Cadenhead, Florence M. Cooper, and Louise S. Sweet. 2nd
edition. Crown 8vo. 3s.

Pixie : and the Hill - House Farm. Illustrated by James
Cadenhead and Florence M. Cooper. 2nd edition. Crown 8vo. 3s.

Gatty's Parables from Nature. With Notes on the Natural History,
and numerous full-page Illustrations by W. Holman Hunt, E. Burne Jones,
J. Tenniel, J. Wolf, and other eminent artists. Complete edition with short
Memoir by J. H. Ewing. Crown 8vo. 5s.

Pocket Volume Edition. 2 vols. Imp. 32mo. 5s.

Cheap Edition. Illustrated. 2 vols. Fcap. 4to. paper covers, Is. each

;

or bound in 1 vol. cloth, 3s.

Grimm's Gammer Grethel; or, German Fairy Tales and Popular
Stories, containing 42 Fairy Tales. Translated by Edgar Taylor. With
numerous Woodcuts after George Cruikshank and Ludwig Grimm. 3s. 6d.

Tales. With the Notes of the Original. Translated by Mrs.
A.Hunt. With Introduction by Andrew Lang, M.A. 2 vols. 3s. 6d. each.

Stowe's Uncle Tom's Cabin ; or, Life among the Lowly. With In-
troductory Remarks by Rev. J. Sherman. With 8 full-page Illustrations.

Small post 8vo. 3s. 6d.

The Wide, Wide World. A Story. By Elizabeth Wetherell. Sm.
post 8vo. 3s. 6d.

Uncle Peter's Riddle. By Ella K. Sanders. Illustrated by Florence
M. Cooper. 3s. -6d.

CAPT. MARRYATS BOOKS FOR BOYS.
Uniform Illustrated Edition. Small post 8vo. 3s. 6d. each.

Poor Jack.
The Mission ; or, Scenes in Africa.

The Pirate, and Three Cutters.

Peter Simple.

The Settlers in Canada.
The Privateersman.
Masterman Ready.
Midshipman Easy.
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MRS. EWING'S BOOKS.
Uniform Edition, in 9 vols.

We and The World. A Story for Boys. By the late Juliana
Horatio Ewing. With. 7 Illustrations by W. L. Jones. 4th edition. 3s.

A Flat Iron for a Farthing ; or, Some Passages in the Life of an
Only Son. With 12 Illustrations by H. Allingham. 16th edition. 3s.

Mrs. Overtheway's Remembrances. Illustrated with 9 fine full-

page Engravings by Pasquier, and Frontispiece by Wolf. 5th edition. 3s.

Six to Sixteen : A Story for Girls. With 10 Illustrations by Mrs.
Allingham. 8th edition. 3s.

Jan of the Windmill : a Story of the Plains. With 11 Illustrations
by Mrs. Allingham. 5th edition. 3s.

A G-reat Emergency. A very Ill-tempered Family—Our Field

—

Madame Liberality. With 4 Illustrations. 3rd edition. 3s.

Melchior's Dream. The Blackbird's Nest—Friedrich's Ballad—

A

Bit of Green—Monsieur the Viscount's Friend—The Tew Lane G-hosts—

A

Bad Habit—A Happy Family. With 8 Illustrations by Gordon Browne. 7th
edition. 3s.

Lob-Lie-by-the-Fire, or the Luck of Lingborough ; and other Tales.
With 3 Illustrations by George Cruikshank. 4th edition. Imp. 16mo. 3s. 64.

The Brownies. The Land of Lost Toys—Three Christmas-trees

—

An Idyl of the Wood - Christmas Crackers—Amelia and the Dwarfs—Timothy's
Shoes—Benjy in Beastland. Illustrated by George Cruikshank. 7th edition.

Imp. 16irio. 3s. 64.

THE SHILLING SERIES.
Fcajp. Ato. double columns, Illustrated, Is. each.

Mrs. Ewing's Melchior's Dream, and other Tales.

——— A Flat Iron for a Farthing.

Six to Sixteen.

We and the World.

— Mrs. Overtheway's Remembrances.

Jan of the Windmill.

A Great Emergency, and other Tales.

The Brownies, and other Tales.

Mrs. G-atty's Parables from Nature. Two Series, each Is.

Miss Procter's Legends and Lyrics. Two Series, each Is.

Hector. A Story for Young People. With 12 Illustrations by
W. J. Hennessey. By Flora Shaw, Author of * Castle Blair.'

Andersen's Tales. Translated by Caroline Peachey.

London : George Bell & Sons, York Street, Covent Garden.
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